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＋ H E natural fituation of England as a com- 
mercial country, the flouriſhing ſtate of its 
manufattories and trade, and the high eſtimation 
in which it is held for its ſciences, hath always, 


and ever will, render it a pattern to others for the 
Theory and Practice of NAavicaT1oN. 


The Writers on this Science have been nume- 
rous; and although it ſeemed to be well under- 
ſtood many ages paſt, yet their labors may be 
viewed as a continual chain of improvements. 


The only objeft of the Author of this little 
Treatiſe, is to ſimplify Navigation, and to lay 
down ſuch plain and eaſy Rules for putting it in 
Practice, as from his experience in teaching the 


Science, he hath found eminently uſeful. ö 


The 
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The cuſtom that hath prevailed amongſt Writers 
on this Subje&, of annexing Tables to their own 
Work the Author judges highly improper, as be- 
ing an unneceſſary repetition of a laborious Work, 
at the hazard of a multitude of Errors; thoſe 
publiſhed with ſuch peculiar attention and care, by 
order of the Commiſſioners of Longitude, being 
all that are neceſſary for the Aſtronomical part of 
Navigation; and the two which are wanted for 
keeping a Ship's reckoning, viz. one of Meridional 
Parts, and the other of the Difference of Latitude 
and Departure, I have the authority to Announce 
ſoon to be publiſhed in a moſt ample Manner. 
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SUBTRACTION, «&c. 
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MOTION and TIME. 
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Or MO T1 ON. 
DB INIT 1%. 


Motion is reckoned in parts of a great circle of the 


ſphere, and is divided into ſigns, degrees, minutes, and 


ſeconds, &c. every great circle containing 360 degrees 


of 12 ſigns, each ſign being 30 degrees, each degree 60 
minutes, eachgninute 60 ſeconds, &c. | 


| MODS 154-00 
To add together degrees, manules, ſeconds, Sc. 
= L E. 


Place degrees under. degrees, - minutes under minutes, 
&c. and then begin to add the loweſt denomination ; if 
Jeconds, find how many minutes they make, ſo many 

you 
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you carry to the minutes, the overplus, if any, place un- 
der the ſeconds ; this muſt be well obſerved in placin 

the overplus under the minutes, degrees &c. Then add 
up the minutes, and find how many degrees they make, 
the number of which carry to the degrees; and in like 
manner add up the degrees, and find how many ſigus, &c. 
proceeding in the ſame manner through the whole. 


3 

To o 23 19 47 
_Add o 29 44 37 
Sum 1 23 4 24 


5 O 7 J. 5 O j 
4 34 17 49 11 29 33 14 
5 19 11 31 10 24 49 36 
7 23 49 47 7 24 10 53 
6 | 
4 
7 


The'Work. 19 9 42 9 14 45 29 
84" —= 1' £4” 20 39 40 4 23 11 46 
ä 27 50 59 8 19 41 2 
5499 = "15 29? 2 ve 85 7 


K 
To Subtradt figns, degrees. Gc. 
r 


When the lower number 1s greater than the top, 60 
muſt be borrowed in the place of minutes and ſeconds, 


Which add to the ſeconds or minutes and then fubtratt. 


You borrow go in the degrees and 12 in the ſigns, when 
greater than the top number; obſerving to add one to the 
next number through the whole, whenever you borrow. 


vs 


From 27 


Pro. 


ry 


90 4 3 
un- 
nz: 2 
add aa ig go 9 lake 4 29 14 41 
ake, | n 
like! Remains 13 40 55 


&c. ä rr — 
Work. ar s O 7 mM 
: 4+60—9=55 From 1 3 9 31 52 
4 19460-38711 240 Take oO 7 19 46 59 
36 27—13+1=13 | 
53 | W 
29 5 
46 VPLALITIEFELMICATION 
. G 
RR When the Multiplier does not exceed 12 
R U 1. X. 

Begin to multiply at the loweſt denomination, if ſeconds 
find how many minutes they make, ſo many you carry to 
the minutes, and the overplus, if any, place under the ſe- 
conds; then proceed in like manner as the rule of Addi- 
ton directs, multiplying inſtead of adding. 

op, 60 | | 
-COnds, 5 „„ 
btract Mul. 3 17 53 29 by 4 | Mul. 7 29 49 54 by 7 
| when 4 7 


> to the 3 WE 
rrow. I Pro. 1 2 11 33 56 | | 


6 — 


om 27 


Work. FP © 
29) x4=116'"=1/ 567 | Mul, 11 27 57 33 by 12 
53'X4+1 =213=3® 33/| Ns 
179Xx4+3=719=25s 110 "= 
5X4 +F2Z145Z1C 25 = 
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IWhen - the Multiplier exceeds 12 
R U L E. 


Multiply by numbers, which, when multiplied together 
make the Multiplier, or as near as poſſible: but when thoſe 
numbers are leſs than the Multiplier, by what it wants, 
multiply the multiplicand, and add its produtt to the laſt 
product; and when theſe numbers are more than the Mul. 


tiplier, by what it may be more multiply the multiplicand, 


and ſubtract its product from the laſt product. 
c 3 7 U 
Mul. o 4 16 43 47 by 25 5 
3524 | 
1 10 23 38 „ 
5 


; Pro. 9 5 28 14 35 225 


1 


Mul. 8 24 57 55 by 97 


Pro... 27 2 23 42 55 
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Mul. 11 19 37 42 by 59 
Pro. 57 3 18 4 18 


—— —— 


E „„ OE. ON 
Mul. 5 5 25 40 36 by 252 
| 0 


Pro. 1352.11 20 31 12 
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5 When the Diviſor is not greater than 12. 
le 14 

Mul- R 9 [I E. 

.cand, 


Find how often the Diviſor is contained in the greateſt 
denomination of the dividend, and the remainder, if any, 
multiply by as many of the next denomination, as make 
one of the next greater, adding in the given number of 
che leſſer and divide as before, till you come to the loweſt - 
denomination the Queſtion 1s given 1n. 


Divide 9 19 37 57 by 7 Div. 4 6 29 57 51 by 11 
7) 9 19 37 57 11) 4 6 29 57 51 
1 11 22 33 6 over O 4 29 59 48 g over 
Multiplied by 7 Multiplied by 11 
Proof 9 19 37 57 | Proof. 4 6 29 57 51 


B 3 | ort 


48 
Work of the firſt Example. | 
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795 Divide 5 3 0 52 54 by 


Eg Quotient 


30 | 


1 ug BESS 


7)79*=25+192? | Divide 7 2 7 1 12 by 12 


1 Quotient 
60 2 : | — — — — 


7)157'=29-+ /- 


7)2371=9g' +57 
33 6 | 
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When the Diviſar is greater or more than 12 
. 


Divide by long Diviſion, obſerving well che rule in 


caſe iſt. 
5 


Divide 11 10 24 49 24 by 39 


. « . ot Y 
; v5 «v1 aa „ 


39 


39 


ale in 


E 
* 10 24 49 24 9 


Ge 


142 
99) 77 


2 


O 
52 (19 


384 
951 


13 , 
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33 


60 


2029 


195 


78 
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Div. 174 9 19 54 52 by 124 


F 


1 Facit 1 4 27 29 57 


Facit oc 3s 19? 52 of 
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DEFINITIONS and PRINCIPLES. 


1ſt. Time is of two kinds, viz. Civil and Aſtronomi— 
cal; Civil is that which is in co:nmon uſe, end the day 
begins at milnigiu, or 12 hours ſooner than the à ſtrono- 
mical day. wh begins at oon, nis laſt is always uſed 


at ſea, and 1c kon 15 24 tours, or from noon to noon. 


2d. Ante Mei:diem is the time from midnight to noon, 
and is marked A. M. 


gd. Poſt Meridiem is the time from noon to midnight, 
and is marked P. M. 


th. The Civil and Aſtronomical day agree ſrom noon 
to midnight, but ſrom midnight to noon the Civil time is 
reckoned 12 hours too much, therefore, 12 hours ſubtract. 
ed from the Civil time, gives the Aſtronomical time; thus, 
the 5th, of Auguſt, at 7 hours A. M. CiviP time, will be 
the 4th, of Auguſt, and 19 hours Aſtronomical time; and 
Aug: 10, at 11 A. M. will be Aug. 9, and 2g hours &c. &c. 


A GENERAL RULE to be obſerved in performing Ad- 
dition, Subtraftion, Multiplication and Diviſion of Time, is 
viz. it muſt be done in like manner as the rulesgiven in Mo- 
tion, obſerving well that Time is divided into years, months, 
weeks, days, hours, minutes, ſeconds, thirds, &c. but the 
leaſt denomination in uſe is ſeconds, of which 60 make a 
minute, 60 minutes one hour, 24 hours one day, 7 days one 
week, 4 weeks one month, 19 months one year; more pro- 
perly 365 days, 5 hours, 48 minutes, make one year. 


N. B. Compound Addition, Subtraction. Multiplication 
and Diviſion, of any kind whatever, that is of money, Troy- 
weight, &c. muſt be performed in the ſame manner as the 
rules given in Motion, only obſerving the different Tables. 
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From 
Take 
Rema 
Proof 


From 
Take 


Rema 
Proof 


. rm — . — 
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AD 3-0. 3-0-6: 
nnn #0 x. mw» a 1 Þ 
o 2.38 619 39 233 7 2 5 17 49 47 
,omi. Add 3 2 5 11 g1 157 11 3 6 7 11 11 
Cy D 5 4 1 4 14 44 57 
MONO» 
uſed VV - 13 59 27 
100Nn, EI 13 49 21 1 22 g 23 59 39 
OR 5 3 4 11 19 42 3 4 2 5 7 16 3 
ght, r u V Db n por 
0.3% 3 £93 52. 42 
noon 4 3 2 5 17 47 36 
ne is 5 12 1 © 19 36 52 
ract- 7 11 2 4 21 46 54 
thus, — | 
5 JE | | 
and : 
&c. SVC 
Ad- w D Hi #/ Y My DR 1 &F 
ne, is From 3 5 7 25 19 From y 9 1 2 11 27 42 
Mo- Take 2 4 19 11 44|| Take 5 11 o 5 20 19 56 
* Remains : | 
ke a Proof N 
one 1 cas — _ i 
pro- A Y MWD n i 
From 3- 4 11 34 37 || From 8 4 o 1 13 42 15 | 
a Take 1 5 14 42 48] Take 2 8 2 4 13 56 42 ; 
tg Remains Rem. | | 
the Proof — | Proof | 
les. hoo EG OE — oa |; 
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When the Multiplier does not exceed 12. 


2 874.5 „ 
Mul. 3 5 19 14 7 by 8 Mul. 7 11 3 5 17 49 by! 
11 


1 


10 1 E IId. 
When the Multiplier is more than 12. 


— 


r 
Multiply o 3 2 5 34 29 by 16 
o I-E# - 
Rn 17 44 
o 
Multiply d 1 1 12 44 3 by 74 Fo 
rk 
Product 6 O 1 6 19 42 
"2 
Multiply o 2 2 6 go 45 by 78 
Y M W B 
Product 3 6 1 3 58 30 


555 
When the Diviſor does not exceed 12. 


Nn I. yi D 7 # 


D.3 5 36 23 49 57 byg|D-7 11 2 419 17 29 by! 


Q. 


P. 


\ 


by 1 


— — 
— — 
— — 


30 


29 by! 


Divide 


1 
BY YR. 
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IId. 


When the Diviſor is more than 12. 


Y MM _W- D: ih 
19 7 3 6 20 47 53 by 17 


Y M W D WU | 
17)19 7 3 5 20 47 g3(Lyear 


12 
2 
13 


17 (1 month 
* 


16 
—.— 
17)67(3 weeks 
51 
160 
5 
17) 11706 days 
102 
15 
24 
27)380{22 hours 
34 
40 


Cl 


# 


Continued, 


17)407(29/ 
34 
67 
51 
16 
60 
17) 10190597 


— — — — — —_—_—_ . 
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D H M 
Divide 73 years of 365 5 48 by 59 
D 3 7 Hl WI 


Quotient 464 6 57 57 and 57 over * 
TMR. | 
Divide 47 7 3 5-23 42 44 by 316 
r 
Quotient 1 3 5 20 16 39 and 80 ove 


To rer TIME into MOTION. 
R U E 


Multiply the degrees, minutes, &c. by 2, and divid 
the degrees of. that product by go; the Quotient will i 
hours, and the remainder hall, minutes, ſeconds, &c. 
NM. B. In doubling the remainder, the degrees will be m 


nutes, and the minutes ſeconds, &c. onve 
Convert 24719 19' into Time. 
| 2 
30 494]2 38 ( onve 
164 22 38 
2 
45 16” Anſ. 164 46 16 
3 p 
. 0 ut 
Convert 47 20 go into Time. them | 
. 0 ninute 
Facit 3 g 22 heir ſ 


Bring 55 25/ 35“ into Time. 
1 FM 


Facit 3 41 42 20 


(n) 


To bring TIME into MOTION. 
. 


Write down the hours, and half the minutes, ſeconds, 
Kc. then multiply the hours by go, taking in the half mi- 
utes, to which product affix half the ſeconds, &c. The 
alf ſum thereof will be degrees, minutes, ſeconds, &c. 
s required. | 


1 


— Y Bring 5 17 43 into degrees, minutes, &c. 
2 17 43 
J. oh 87 51% 30 00 
RON 
| divid 1 
will Facit 79? 25, 45"__ 
&c. 8 
| be m 8 : 
onvert 21 42 38 into degrees, minutes, &c. 
4333 1 
Facit 325 39 30 
H 3 
onvert 13 19 18 into degrees, minutes, &c. 


8 
Facit 199 49 30 


= 
lo . 


Put a cypher to the right hand of the hours, and under 
them ſet half the ſum, under that ſum one fourth of the 
ninutes, and under the minutes one fourth of the ſeconds 
heir ſum will be the degrees, minutes, &c. deſired. 


mould there be 1 over ſet down 15, if tWo over 30, and i 
over 45. C Bring 


N. B. In taking the fourth of the minutes, ſeconds, &c. 


W — — — 1 
10 — 2 — 


A — 


—_— 
wu AWW 


r M ye ——_—_— A 


— 
Po 


( 14 ) 


8 

Bring 7 19 46 into degrees, minutes, &c. 
The hours with a cypher 70 
Half of which is 


The fourth of the minutes 4 45 


The fourth of the ſeconds 11 go An 
Facit 109 56 30 

Br. GE | 

Bring 5 36 go into degrees, minutes, &c. 

| B \ 
Facit 84 7 30 Anſo 

. 

Bring 17 19 20 into degrees, minutes, &c. 


Facit 259 50 
REDUCTION or MOTION. 
DEF I.N1-T-10:N, 


Reduction brings quantities from one denomination to 
another, ſtill keeping, or retaining the ſame value 


SAS © Iſt. 


R U L E. 

Great names are brought to ſmall by multiplying, ſmall 
to great by dividing, obſerving always to multiply, or di 7/7, 
vide by as many of the leſs, as make one of the greater; lowefl 

however, it is moſt uſual to multiply, or divide ftep by ſtep; 

for, if degrees are to be brought into ſeconds, bring the de- 
pu firſt imio minutes, and then the minutes into ſeconds} As 
c. as example. "Kana 
. 11} {econ 


„ 


In 329 degrees, how many ſeconds ? 
60 


19740 minutes 
60 


30 Anſwer 1184400 ſeconds 


30 


In 1184400 ſeconds, how many degrees? 
6.0) 118440 
610) 197410 minutes 
Anſwer 3290 Degrees 


In 11 figus, how many ſeconds ? 
Anſwer 1188000 ſeconds. 


In 1188000 ſeconds, how many ſigns ? 
Anſwer 11 ſigns. 


In 237 degrees, how many minutes and ſeconds ? 
Anſwer 14220 minutes, 853200 ſeconds. 


In 8;6800 ſeconds, how many minutes and degrees? 
tion 10 Anſwer 14280 minutes, 238 degrees. 


In 9 ſigns, how many degrees, minutes, and ſeconds ? 
Anl. 270 degrees, 16200 minutes, 972000 ſeconds. 


In 1080000 ſeconds, how many minutes, degrees and ſigns? 
Anſwer 18000 minutes, 300 degrees, 10 ſigns. 


„ ſmall C IId. 


"or all When a compound number is required to be brought to its 
reater ;} loweſt denomination 
by ep | 1 


the de- 
dogs As you multiply, add to it what may be of the next leſs 


name; for inſtance, let it be required to find how many 
1, ſeconds there are in 740 37 57”: to perform this, multi- 


2 ply 


— 


— —— 


| | 

7 
$ 

.: 
1 
1 
Fo 
1 
it 
9 
3 
þ 
| 


| 


Fi, 3 a. 


ply the degrees by 60, and add to it 37; that will produce 
the minutes in 74* 37/7; then multiply the minutes in 745 
37, by 60, and add in 57”, which will produce the ſecond; 
in 749 37' 57“. Example. | | 
& 1 0 
In 74 37 57 how many ſeconds ? 
1 
4477 minutes in 749 37 
00; 
268677 ſeconds in 749 9g7' 57” 


0 / 


Reduce 59 19 to ſeconds 
Facit 213540 ſeconds. 
e El 
Reduce 3 17 44 to ſeconds 
Facit 387840 ſeconds, 
35 
Reduce 9 19 4 29 to ſeconds. 
Facit 1040669 ſeconds. 


1 


Reduce 257 19 34 to ſeconds. 
Facit 926374 ſeconds, 


11 


In 11 27 39 57 how many ſeconds ? 
Anſwer 1287597 ſeconds. 


The SINGLE RULE of THREE, Direct. 


DEFINITION, 


This teacheth by three numbers given to find a fourth, 
which will hear a juſt proportion to the third, as the ſe- 
cond does to the firſt; alſo, direct proportion is when 

| more 


1 Y 


more requires more, or leſs requires leſs ; that is, when 
the third number is greater than the firſt, and requires 
reater than the ſecond; or when the third number is 


. leſs than the firſt, and requires leſs than the ſecond. 


oduce 


To STATE the QUESTION. 
1 


Read the Fe 7 to find what is demanded, make the 
ſecond number of that name, the firſt what that commands 
or is equal in value to it, and the third what governs the 
demand or anſwer required. 


N. B. The queſtion being ſtated, bring the firſt and third 
numbers into one denomination or name, (when not ſo) 
and reduce the ſecond number to the loweſt denomination 
it is given in, then multiply the ſecond and third numbers 
into each other, and divide that product by the firſt; the 
quotient will be the anſwer to the queſtion in the ſame 
denomination as the ſecond number was left in; and 
ſhould there be a remainder, (to find its value) multiply it 
into che next inſerior denomination to the quotient, and 


divide that produtt by the former Diviſor. 


O x 51 3 


If the difference for 1 degree i is 197 49“/, what will be 
the proportional part for 27 11”? 


0 ESE 7 | a 
If 60- 3 1 40 ͤ 7.60 
T. 60 60 60 
3000 1189 1631 
fourth 
4+ bel . turn over 
more 


( 18 )) 


Sum continued 
— —1 1897 ͥ— 
1631 
1189 
3567 
7134 
1189 
36,00) 1939259 (338/60 
| 4 
180 87 587 
139 
108 


15 312 
288 


(2459} 
Anſw. 8/ g9# neatly 
| — the propor, part req. 
If the motion of the Moon is g2 * 56 in one hour, how 
muth does ſhe move in 24/ 47” 
Anſwer 14“ g6” 


If the Sun moves 397 8 in one day, how far does he 
move in 1 month, 2 weeks, 4 days, 15 hours? 
| 1 


Anſwer 1 13 57 5 


If for 1 degree the difference is 25! 19”, what will be 


the proportional part for 49/ 29/? 
1 1 


Anſwer 20 53 nearly 
If in one year of 3654. 5h. 49/ 3%, the Sun moves thro' 


the Zodiac or 12 ſigns, what is his motion in one day? 


| Anſwer 59! 87% 
When the proportional part for 27/ 11 is g/ 24”, what 
is the difference for 1 degree? 
Anſwer 20/ 45” nearly REDUC- 


In 


1631 


619) 


REDUCTION or TIME. 
N. B. Reduction, and the Rule of Three of Time, 


muſt be performed in the ſame manner as the rules given 
in Motion, only obſerving the different Tables. 


S KA N 1 
Reduce 5 days, to minutes and ſeconds. 
5 days 
24 


120 hours 
60 


7200 minutes. 
60 


432000 ſeconds. 


Anſwer 7 200 minutes. 432 ooo ſeconds, 
In 432900 ſeconds, how many days? 
600) 43200[o ſeconds. 
610 ) 720% minutes. 


24 ) 120 ( hrs. 5 days 
120 ( Anſwer 5 days. 


Reduce 2 months to hours. Anſwer 1344 hours 


In 4838400 ſeconds, how many months ? 
Anſwer 2 months. 


In 7 months, how many days, hours, and minutes ? 
Anſwer 


In 241920 minutes, how many hours, days, and weeks? 
Anſwer 4032 hours, 168 days, 24 weeks 
In 1 year of 365 days, how many ſeconds ? 
Anſwer 31536000 ſeconds 
In 3369600 ſeconds, how many minutes hours and days? 
Anſwer 564160 minutes, 936 hours, 39 days 


196 days, 4704 hours, 282240 minutes 


4 | 
1 
1 
N 
i 
* 
1 
1 

1 


* — —  G— — --» 
_— — — — — * 1 


© A 0 12 08. 
| M W D H 0 51 D 
Reduce 113 6 20 into hours 1 
2. 
4 : 
47 weeks OY 
7 14 
335 days 
24 
1 360 
670 


Anſwer 8060 hours 


—_ 


——— 


N 
Reduce 7 years, of 365 5 49 3 to ſeconds 


Facit 220898601 ſeconds. 
MW D H 7 
Reduce 3 3 5 19 49 to ſeconds 
Anſwer 9575340 ſeconds 


From May 12, 5h. 19“ P. M. 1783, unto July 19,6 
244 A. M. 1784, how many minutes? 
Anſwer 62418z minutes, 


The RULE of THREE of TIME. 


If in one day the difference is 59/ 8“ what is the ii 
ference for gh. 27! 49%? | 


621) 


— 


D / J W750 > 
1 59. 0 9 27 49 
24 60 60 
24 hours 3348 567 
60 | 60 
1440⸗ 34069 
6o 3548 
80 400” 272552 
136276 
170345 
102207 g 
864% ) 1208768112 ) 1399/60 
3447 
| 2592 
nds 8556 
7770 
7808 
7770 
Anſwer 23! 19“. (3212) 


7 19, 6 If in 6 hours the Sun moves 14/ 47/, in what time does 
ie move 15 90 
D 
Anſwer 1 mt 4 13 43 5 


If the Moon in 1 day moves 130 10/ g5/, in what time 
ill ſhe make a revolution? | 


= 
the dil 


. 
Anſwer 27 7 43 6 

If the motion for gi is 19 42/ 29/, in what time is it 
670 4707 


4 


0 AE 
Anſwer 1 41 29 If 


( 22 ) 


If on the 21ſt, of March at noon, the Sun and Moo 
are in the firſt point of Aries, at what time will the Su 
and Moon be next in conjunction, the Sun moving in on 
day 59/ 8”, and the Moon 13® 10! 95” 

K 


TWhe 


Anſwer 29 12 43 45 nearly Ente 
If the Sun in three days moves 20 57! 25", in wha tle of 
time does he make a revolution ? fees a 
1 
Anſwer 365 5 48 20 
It 24 


To work proportions by the proportional Lo arithn; 
From table XV. Neguiſite tab . 2 ver 


. 
IWhen the terms do not exceed three hours, or three degree: 
O08: 


Find the pro. log. of the firſt term, in degrees, minute: 
and ſeconds, or hours, minutes, and ſeconds, and take i 
arith. com. in like manner as in common log. obſervin 
to take the index from 9; to which add the pro. log. d 
the ſecond and third terms, rejecting 10 in the index, ani 
you will have the pro. log. of the n term required. If: 


TL XX AMP LES otio1 


If the difference for 4® is 251 19/, what will be tl: 
difference for 49! 29”? 


O 1 


Ife: 


As 1 © 0. pro. log. eo. ar. . 9 5e be 
„%%% ( ⁰—B—: eryrecnter =: WH 


** 49 29 pra. log. ocoorecoremees „ 560ʃ 
20 453 pro. log. 935 


If the motion in 1 hour is 377 24,” what is the motio! 
in 17! 19/ 


Anſwer 10! 487 CAS! 


(0. } 
. 


When the terms exceeds three hours, or three degrees, 


„ © no Fgs * 


y Enter the table for the hours and minutes, under the 
tle of minutes and ſeconds; do the ſame with the de- 


n whales and minutes, and work exactly as in caſe 1ſt, 
58 E X AMT L 
8 If 24 hours give 1 degree, what will 5 hours 20 minutes 

ive? 

1 / 

For 24 ſeek 24 pro. log. co. ar. 9 1249 

degree: Oy Ne dee aaa, 4771 

„„ 1 5283 
ninutes a 
take it 13' 20% 1 130g 
pſerving 
log. o Anſwer 137 207 


dex, and 


quires. Wl If the Moon in 24 hours moves 140 g6/, what is her 


otion in 7h. 10/ ? 
| o / 
Anſwer 4 22 


1 be tl 


If the Moon moves 52 12! in Sh. 15/, how long will 
9 522Me be in moving 139 16! 
. 851 Se 
Anſwer 21 3 


_ > —_— — _— 


4 1. Geometry is a ſcience which treats of the deſcrii 
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PRACTICAL GEOMETRY. 


DEFINITIONS and PRINCIPLES. 


tions, properties, and relations of magnitudes in gener 
or of ſuch things where length, or length and breadt 
or length breadth and thickneſs are conſidered. 


2. A point is that which is without parts or dimenſion 


and is only an aſſignable place in a plane, denoted by 
point as at A, A. 


3. A line has length without breadth. It is called a rig 
line when it is the ſhorteſt diſtance between two point 


as AB. A vue, 
Or a curved line when it is not the ſhorteſt diſtance, MF 9. 1 
£©D.- . 


angular 
he ang 


N. B. A line is. bounded by parts or points, and 
uſually denoted by letters, (v. one at each end, 


AB. C D. 


4. A ſuperficies or ſurface, is a magnitude = 
with length and breadth, and is bounded by lines, 


as Q. 


N. 1 
and th 
middle 
notes t 


10. 


56. A ſolid hath length breadth and thickneſs, is an a 
its boundaries are ſuperficies, as S. legs C 
N. B. Magnitudes are but of three kinds, 1 angula 

N. 1 

length 


{12+ A lines, ſuperficies, and ſolids. 


7. Parall 


( 25 ) 


N * 
6. A plane, or plane figure, is a ſuper- (ei) 


cies which lies evenly, or perfectly flat | 
between its limits, and may be bounded by 

ne curyed line, but not with leſs than three T 

Ir more right lines, as C. T. S. 


; I; 


7. Parallel lines do not incline one to another, * 


eſcri 
enen 
read 


-nſionlay in the ſame plane, equally diſtant from a 

d byWach other in all their parts; therefore, A B 
A. WW infinitely extended can never meet, as AB, ab. 

a rig A plane angle is the aperture or inclination , 4 
pol pf two lines in the ſame plane, meeting in a Goh 
— ont, as A. | ** 
— 9. A right lined angle is ſormed by two right lines, 
— 


he point where the lines meet is called the 
angular point, as B. The lines which form 


he angle are called legs, as AB, CB. A — B | 


N. B. An angle is uſually marked with three letters, 

and that at the angular point ts always to be read the 

© FKniddle letter, as ABC. or C BA. each of which de- 
notes the angle B. 


10. The meaſure of a right lined angle 
is an arc, as A B. contained between the 
legs CA. CB. including the angle, the 
angular point C. being the centre of the arc. 


! 


N. B. An angle is ſaid to be greater or leſs by the 
length of the arc, and not by the legs. 


D 11 A 


: 
: 
: 
. 
o 
, 
” 
: 
HY 
1 
; 
I 
1 


. 
, 
1 
=. 


makes equal angles on both ſides : thus DC 


| 
| 
| 
| 


( 26 ) 


11. A perpendicular is that right line 
which cuts another at right angles, or which 


17. A 
an arc 
c: it di 
gments 


18. A 


is perpendicular to A B. When the angles 
DCA, and D C B. are equal, or are two 4 — 
right angles | | | 


| cent 
12. An acute angle, is that which is leſs - u) 
than a right angle, as ABC. B <4 ch bein 
13. An obtuſe angle, is that which is 4 A 
greater or more than a right angle, as 2 
A B C. | : 4 2 Made | 
'r- $5430 1; upon 
N. B. Acute and obtuſe angles, are called oblique angi on D 
14 A circle is a plane figure; bounded - . A 
by an uniform curve-line, called the'cir- "77 
cumference, as A B C. which is every > | 
where equally diſtant from one point, as ; * 
within the figure, called its Centre. 
5 | I | 21, A 
15. A radius is a Tight line, drawn from 
the centre to/the- circumference, as R A. NF 
| 1 | | * 4 es or 
N. B. All the radii of the ſame circle are equal. 
16 The circumference of every circle, is ſuppoſed 
be divided into 36o equal parts, called degrees; each], | 
ree into 60 equal parts, called minutes; and each min * by 
into 60 equal parts, called ſeconds, Sc. I” 
N. B. An arc is any part of the circum- 
Ry « a 


— 


17. 


(27 ) 


17. A chord is a right ,_ne, joining the ends 
an arc, as A. B. and is ſaid to fubtend that 
©: it divides the circle into two paris, called 
ments. 


18. A diameter, is a chord paſſing thro' | 
> centre, as A. B. and divides the circle 
to two equal parts, callefl ſemi-circles; A B 


ch being equal to 180 degrees. 


19. A quadrant is half a ſemi circle, and 
made by the radius ſtanding perpendicu- D 
upon the diameter on the centre, as D 


on D D. and is equal to go degrees. 


* 
20. A ſector is a figure included between 

o radii of a circle, and that arc of its ci r- 

mſerence where they touch, as A CB. 

iN 21, A triangle is a plane figure, bounded by three Lei. 


. . An equilateral triangle is that whole 
fl es or ſides are all equal, as E. 


poſed 
each ON 23. An Iſoſceles triangle is that which has 
h mini equal ſides, as I. 


24. A ſcalenum triangle, is that * 
a all its ſides unequal, as S. K 


D 2 25. A 


(28 ) 


25. A right angled triangle, is that which has | 
one right angle, as A. F 


Fre 
N. B. All triangles that have not a right angle, are geMpendi 
nerally called oblique. — Again, the longeſt fide of a righMwitho 
angled triangle, is called the renden, and the other 
ſide legs. | 
1 
26. An obtuſe angled triangle, hath one 1 
obtuſe angle, as the angle B. in the triangle ae 
ABC. A "W wy 
rom ] 
hich 
27. An acute angled triangle, has all its ular f 
angles acute, as the triangle A. A 
28. A quadrangle is a plane figure, bounded W Fro: 
by four right lines, as Q. ; | BP: onag 
— " 4 7 Ri } 
N. B. A quadrangle is uſually expreſſed by letters: — 
the oppoſite angles, and all quadrangles that have oppoſit 
ſides parallel and equal, are commonly called parallel 
grams. | Wit 
29. The diagonal of à qua- arc A E 
drangle, is a line drawn from 1 
one angle to its oppoſite angle, hi 
as D. ar fro, 
tet" point b 
Aw. 


30. A ſquare is a parallelogram of four equal | 8 
ſides, ſtanding at right angles, as S. 


PR Ol 


—— rn Ar ee ER GET IEEE SE —⁰¹ e — 
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PROBLEMS or PRACTICAL 
GEOMETRY. 


p ND D 1 E M 1. 


From a given point on a given right line, to erect a per- 
pendicular on any part thereof, at the end or otherwiſe, 
without altering the Compaſſes | | 


1 


e ge: 
right 
other 


CONSTRUCTION. 


With any convenient diſtance in the Compaſſes deſcribe 
an arc A D, and make the given point the 
centre; with one foot in A. deſcribe the 
arc B. and from B deſcribe the arc C, then | 
B rom B, and C. ſtrike equal arcs to cut at E, F 
hich interſection will make the perpendi- 


A ular from the given point. 
5 PROBLEM. 


From a given point without, to let fall a perpendicular 
on a given right line, or be the point on a given right line 
without altering the Compaſſes. 


I | 


nen 1 
ppoiit 
rallelo 


CONSTRUCTION. 


With one foot on the given point deſcribe an 
arc A B, to cut the given line (when the point is 
without) then from A and B. ſtrike equal arcs at 1 
7802 C. which interſection will give the perpendicu— A 

ar from the given point; but if the given — 


point be on the given right line, proceed 7. 
lowfiwards, às Problem iſt, directs. | 


D 3 PROB. 


RO 


* 
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HERO DB L E NM III. N. 
To biſect, or divide a given right line, into two equal bot 
* ' 7 egme 
CONSTRUCTION. geri 
With any diſtance greater than half the 5 
given line, at the extremes thereof, deſcribe * 
the arcs A B. and C D. through their in- 
terſections draw a line EF. which line will 
divide the given line into two equal parts. EDA. 
Let 
1 | 22. pendic 


ftrik 
To draw a line parallel to a given right line, at any CES 
diſtance. PLANS I he lin 


Let the given line be A B. and diſtance C D. with the 
length of C D. any where with one ſoot of the Com: 
paſſes on the given line A B. ſtrike the arcs E and |, 


To « 


then draw a line to touch the two arcs, — ber of 
and it will be parallel to the given right Fg 

line A B. & by 

et 

FRO LEM -V:; pg be 

To deſcribe a circle about any given triangle, be rig] 

CONSTRUCTION. 3 

At pleaſure draw the triangle A BC. and , , „ ight li 

biſed, or divide A Band A C. into two equal N lit 

ris; in perſorming of which, where the A , d. to ci 
D D E. and F G. interſect each other, E. to 
gives the cenue of the circle round the N\_ be drak 
triangle. B. x. ight lit 


e num 


(00 
N. B. By the like operation may a circle be drawn, 
hoſe circumference ſhall paſs Farough three given points, 
rovided they do not lie in one right line: — Allo, the 


egment of a circle being given, the whole circle may be 
eſcribed. 


PRO B L IN M VI. 


/B 
FE Upon a given right line to deſcribe a ſquare. 
A. CONSTRUCTION. 


Let A B. be the given right line, from B. raiſe a per- 


pendicular, then with the length of A B. »: 0 
ſtrike the arc C. and from C and A. ſtrike - 
'Wequal arcs to cut each other at D. draw 1 

he lines A D. and D C. which will form al "by 
he ſquare. 


F VII. 


1d F. To divide a given right line into any propoſed num- 
rr of equal parts. 


— CONSTRUCTION. 


Let A B. be the given right line, on which from A. draw 
a perpendicular thro' E and C. and parallel to A B. draw 
D. at pleaſure, on-which ſet off the number of equal parts 
be right line is to be divided into, (ſuppoſe ) begin at C. 
owards D. obſerving the ſum of — number of equal 
parts muſt be longer than the given 
ight line; from each of theſe parts 
iraw lines thro* A B. beginning at D 
d, to cut the perpendicular line as 
E. to which place all the lines muſt 
de draivn, 1 where they cut the 
ight line A B. will divide it into 
ie number of equal parts propoſed; 


tl 
1 
ll; 
if 
1 0 
| 


F 


PR OB L E M VIII. 
To make ſcales of equal parts. 


CONSTRUCTION. 


Divide any right line into 10 equal parts, as AB. at On 2 
either end thereof, as at A. erett a perpendicular, and 
from each of theſe parts draw'lines to cut the perpendi. 

cular, at any one fixt place, ſuppoſe at C. then draw par-. On 

allel lines to A B. which lines will form ſcales of equal off the 

parts, as per figure. ä upon \ 

line of 

B D. 

angle. 

Or 


PLANE or LINEAL TRIGONOMETRY. 
DgrINITIONS and PRINCIPLES. 


I. Plane hes eee; is a ſcience which teaches us 
to compute the length of the ſides, and quantity of the 
angles, of plane triangles, 


II. In plane triangles if three things (one of which 
being a fide) are given, the reſt may be found. 


N. B. An angle is the interſection of two right Proc 
lines, and a triangle three, which 


grees, 


PRO B- 


( 33 ). 
P RO BL E M 1. 
On a given right line A B. to make a right angle: 


CONSTRUCTION. 


On one of the extreme points at B. with 60 degrees 
off the line of chords radius, deſcribe an arc, 


upon which lay off go degrees of the ſame tr 
line of chords, from C to D. draw the line Fl 
B D. thro' D. then is the angle B. a right — 


angle. 


. at 
and 
ndl. 


par- 
2qual 


PROBLEM un. 


On a given right line to make an acute angle. 


CONSTRUCTION. 


Proceed with the arc as with the right. 
angle, ſetting off the given number of de- i 
grees on the arc, inſtead of go degrees. 


= | 


Make an acute angle equal to 36 degrees. 


nes Us 
he rn 
which On a given right line to make an obtuſe angle. 


CONSTRUCTION. 


Tight Proceed as before with the ſweep, on | 
which lay off from C to V. half the de- X. 
grees, and from Y to D. the ſame, 8 


03 5 
Make an obtuſe angle equal to 130 degrees. 


PRO B- 


( 34 ) 
P R O B L E M IV. 


To make a right angled triangle, having the hypo- Dr: 
thenuſe and one , given. 


make 
7 | extrer 
CONSTRUCTION. ſeribe 
| which 
Draw a line at pleaſure on one extreme point, as at A, . righ 
make the given acute angle, on the line that forms the 
angle, lay off the hypothenuſe, on the extreme point of 
the hypothenuſe make an angle equal to the complement M 
of the given angle, cutting the firſt line drawn. 5 
| 0 120 
N. B. The complement of any given angle is fonnd 
by ſubtratting it from go degrees, and the ſupplement 
from 180 degrees. To 
; nd ar 


Make a right angled triangle. Hypothenuſe equal 
to 80 miles, and the angle, A. equal to 229 30 


0 


Angle A 22 go 


L. C 67 30 


"BE ind" wet 3 he hs * a. 


To make a right angled triangle, having the hypo 
nuſe and one leg given. 


CONY To 
yen. 


(35 ) 


CONSTRUCTION. 
po- Draw a right line 7 xn to the given leg, on one extreme 
make a right angle at length, on the other . 


extreme with the hypothenuſe radius, de- 
ſcribe an arc cutting the perpendicular, 
which extreme and > terſeGior join with 
right line 


t A. 

the 
it of 
nent 


85 M08 e 
Make a right angled triangle. Hypothenuſe equal 
o 120“ baſe equal to 700 . 


dund & 5147 2 | | 
ment N 030 2 L E M VI. 
To make a right angled triangle, having one leg 
8 nd an angle given. | | 
equal NY $41 
CONSTRUCTION. 
Draw a right line equal to the given 
eg, on one extreme make a right angle 
at length, from the other extreme draw 
a right line making an angle equal to the 
ven one, and cut that right line which 7 
ormed the right angle. 


Make a right angled triangle, Baſe 38 miles, and 
angle A. equal to 36 go' a | 


hypo- ® 66.07 1 
P'R O B. L E M VII. 


> ON-fl To make a right angled triangle, having the legs 
Ge angle, | 
C ON- 


( 36 ) 
CONSTRUCTION. 


Draw a right line equal to one of the 
given legs, erett a perpendicular on one 
extreme, and lay off the other leg there- 
on. From the extremes of the baſe and 
perpendicular draw the hypothenuſe, 


_—_— 


Make a right angled triangle. Baſe equal to 3 
perpendicular equal to 28' 


PR OB L E M VII. 


To make an oblique angled triangle. the angles a 
one ſide given. „ 


CONSTRUCTION. Mak 
Draw a right line equal to the given ſide, on the « 
tremes draw. right hnes, making angles equal to tho 
propoſed, cutting each other. 
| To f 
bond ſid 
Make an oblique angled triangle. 1. Arg. 0%“ " 
Angle C=120.30 
Side A B. 120'.; ll Drau 
Angle A go9.20/ he give 
Angle C 120.30 ngle e. 
— — C ngle, t 
130. 60 85 qual te 
180 1 1 i the 
— ©. We tri 
Angle B 29 .10 . F 
7 ade Make 


PRO 


1 
P R O B L E M MX. 


To make an oblique angled triangle, having two 
ides and one oppoſite angle given. 


CONSTRUCTION. 


Draw a right line equal to one of the given legs, on 
ne extreme make an angle equal to the given one, draw- 
ng the line at length that forms , 
he angle, make the fide oppoſite 
he given angle radius, and on 
he other extreme deſcribe an 
c to cut the line that formed 
| he angle, then from that ex- 
les ul eme thro” the interſection draw 
right line, which will form the triangle. 


Make an oblique angled plane triangle. ; 48 75 4 
; 


r X. 


To form an oblique angled plane triangle, having 
yo ſides and the included angle given. | 


"oy CONSTRUCTION. 


Draw a "ge line equal to one of 
ne given ſides, on which make an 
ngle equal to the given included 
ngle, then draw another right line 
qual to the other given ſide, and 
din the extreme of each line and 
de triangle will be formed. | 


Make an oblique angled plane triangle. 3 BC 41 5 
E Angle C 108.35 


( 38 ) 


PR © B LEM x XN, 


To make an oblique angled plane triangle, having“ the 
the ſides given. | At 


3 he pet 
CONSTRUCTION. 


right 
y, by 
Draw a line equal to one of the given legs, on one 
extreme with another given fide 
radius deſcribe an arc, and on the 
other extreme with the remaining 
ſide radius, deſcribe another arc 
to cut the former, then join the 
interſections with right lines, and 
the extremes will form the triangle, 


Dray 


arc 


. AB 140 
Make an oblique angled plane triangle. y AC 62 | 
CBC 122 


_ 


PR O--B-L-E- M XII. 


To draw the fine, tangent and ſecant, of any at 
of a circle, 


CONSTRUCTION. | 
arts, ar 


Draw *a radius to the given circle, from the centreWght lir 
draw a right line, making an angle with the radius equaigr A 1 
to the given arc, continued at length without the circrled' | 
cle for the ſecant; from the other extreme of the ra 


| 1 3. Fr. 
dins draw a perpendicular cutting the ſecant, which me 
line will be the tangent. Again, where the ſecalfT, 
cuts the circle, draw a parallel line to the tangenihq fron 
24:1] it meets the radius, which line will be a fine. WE, cu 


N. 4 


(99 ) 


N. B. A fine is a right line drawn from the radius 
o the periphery, or is half the chord of twice the arc: 
A tangent is a right line which touches the edge of 
he periphery and terminates the ſecant. — A ſecant is 
right line drawn from the centre thro' the periphe- 
y, by which the tangent is terminated, 
* 


wing 


| One 


Draw the fine, tangent, and ſecant, of 
1 arc of 60 degrees. 


3 


— _ IE —_ * 8 * 1 * 4 


he CONSTRUCTION of the PLANE SCALE. 
U L E. S. 


400 
03 
122 


1. With any radius deſcribe a circle A B E D. 
raw the diameter A B. and perpendicular thereto from 


the centre draw E D. continued thro' E to S paral- 
| to which draw B T. 


2. Divide the” quadrants A E. and BE. into g equal 
arts, and from theſe parts in the quadrant B E. draw 
centreWght lines parallel to CE. till they cut the diame- 
s equiſer A B. then is C B. a line of fines, and B C. 


he ci Herſed fines. 


the 18 3. From C. the centre, thro' the ſeveral diviſions 
which the quadrant B E. draw right lines 'till they cut 
ſecal$T. which line will then become a line of tangents, 
tangend from A, to the ſeveral diviſions on the quadrant 
line. WE. cut C E. and it will be a line of ſemi-tangents. 


N. 


ny lv 


E 2 3. From 


( 40 ) 


4- Set one foot of the compaſſes in C. and extent 
the other to the ſeveral diviſions 10, 20, go, &c. 0 ( 
the tangent line B T+ from which draw arcs to cu 
the line E S. and it will be then a line of ſecants. 


5. Having already divided the quadrant A E into 9 equi 1. 1 
parts, draw the line A E. ſet one foot of the Con entri 
paſſes in A. and from theſe parts flrike arcs to He perf 
AE. then will AE be a line of chords. 4 

6. Divide the quadrant D A. into 8 equal part 26K # 
from which parts, with one foot of the Compaſſes ii „in be 
D. ſweep arcs to cut R D. and it will be a line d 
rhumbs, each diviſion equal to 119 15“ upon the li 2. Ir 
of chords. f the c 

7. From D. ſweep B P. and make D P. a ſcale di"! he 
equal parts. .T 

Jetweer 

705 75 nd is c 
0 S HN 

aundrec 

8 alled n 


8 


88 8 © agents 


— 


Py * 
0 ' 


„ 
ctend 


+ 01 Ox LOGARITIT HM & 
> cut 
Us. 
equi 
Com. 


O Cl 


1. LOGARITHMS are a ſeries of numbers ſo: 
ontrived, that by them the work of multiplication may 
be performed by addition, and that of diviſion by ſub- 
raction: again, if you divide the logarithm of any num- 
ber by 2, the quotient will be the logarithm of the {ſquare 


"Woot of chat number, and if divided by g, the quotient 
0 1 vill be the logarithm of the cube root. 
e li 2. In logarithms the figure or figures to the left hand 


pf the decimal part is called index, and the figures to the 


ale Might hand logarithms. 


3. The index of any number under 10 is a cypher, 
tween 10 and 100 is 1, between 100 and 1000 is 2, &c. 
nd is called affirmative. 


4. The index of any tenth, part of an unit is 1, of any 


undredth part 2, of any thouſandth part 3, &c. and is: 
alled negative. 


For Example thus, 


Whole numbers. Index logarithms. 


4.3 58 = 0.63929 
4358 = 1.63929 
4 3 5.8 = 2.63929 


4358. = 363929 

4358 = 1.63929 

04358 = 2.63929 

0 004358 = 3.03929. 


— — — 
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To reſolve Problems in Plane Trigonometry. 4 

| rongl 

guainte 

DErINITIONS and PRINCIPLES. f the 

| ; df lines 

1. IN a right angled triangle if two things, beſida 

the right angle, (one thereof being a fide) are given, 
third may be ſound. 


2. In oblique angled triangles, three things and ons 
of them a ſide muſt be given to find a fourth. 


3» In right angled triangles make one ſide radius, aut 
the others will be either a fine, tangent or ſecant. 


| 4+ When the hypothenuſe is radius, each / | g. V 
fide is the ſine of us oppolite angle, as | Joe fin; 
per figure 11t, Ide cor 
| tracting 


4th, 


5. When the baſe is radius the hypothe- order t 


nule is ſecant, and the perpendicular tan- 
gent of the included angle between the bale 
and hypothenule, (as per figure ad.) 


6. When the perpendicular 1s radius, the 
hypothenuſe is ſecant, and the baſe tangent 
of the included angle, between the perpen- 


dicular and bypothenulſe, (as per fig. 3d.) 


5th. 
find thi 
an ang] 
and a 
and the 


6th. 
degrees 
to one 
in the 1 


7th. 
a daſh ; 


(S } 


Ty. 


rongly to recommend to every learner, to be well ac- 
1uainted with them all before they proceed to reſolve any 
f the Problems; and allo the preceding three figures 
ol ſines, tangents, and ſecants. 

elida | 
en, GENERAL. RULES and OBSERVATIONS. 

1ſt. To find a fide, begin with an angle or radius, and 


d 0 o find an angle, begin with a fide. 


ad. After making any fide radius ſay, as the name of 
he given ſide (worked from) is to its length, ſo is the 
name of the fide required to its length, and the contrary. 


3. When a angle or arc is 123 than go degrees; 
the ſine tangent or ſecant of its ſupplement muſt be uſed, 
he complement of any arc or angle, is found by ſub- 
rafting it from go, and the ſupplement from 180 degrees. 


4th, In a plane triangle among the things * in 
order to find the reſt, one of them muſt be a fide. 


5th. In every triangle three things muſt be | Fix to 
find the reſt; and they are either. Hit, Two fides and 
an angle oppoſite to one of them. Second, Two angles 
and a fide oppoſite to one of them. Third, Two lides. 
and the included angle. Fourth, Their three ſides, 


6th. Radius is the fine of go degrees, a chord of 60 
degrees, and the tangent of 45 degrees; they are all equal 
to one another. The tabular radius is expreſſed by 10 
ia the index with cyphers. 


7th. Sides or angles which are given, are marked with 
a daſh ; but when required, with a cypher, 


8th, Every 


The ſollowing Rules and Obſervations I beg moſt 


2 * 


* 
— 


— — 


— — — 
———— —̃ — — 
— — <a. 


—— » 


Ae Fo... OA h 


— th — 5 —. — CAC T 7 
pt oe F— ̃ —————— — I IE.” ES. 


— 


6 


8th. Every circle or circumſerence is equal to 360; 
grees, and every ſemicircle to 180 degrees. 


3" PRO 

gth. The ſum of the angles of every triangle, is equi 

to 180 degrees; and if two angles in a-triangle are gives 
the third is ſound by adding. the two given angles together WH 
and ſubtracting their ſum from 180 degrees. omplet 
10th. A right angle is equal to go degrees, an obtulc aa 
angle is greater, and an acute angle 1s leſs; conſequen ie log? 
every obinſe angle is greater, and every acute angle N. B 
leſs than a right angle. : Wis 
11th. In a triangle, if one angle is acute and anothaMlird tc 


go degrees, the acute angle given ſubtracted from g 
degrees leaves the other acute angle ; for in every right 
angled triangle, the ſum of the two acute angles are equi 
to the right angle equal to go degrees. 


chers * 
n takir 


ge T, 0 
etica 
ach fi 
rom 1 
rithme 
hen t 
hen t 
nd the 


not he 


N. B. I ſhall give no directions for projecting th 
figures through rectangled and oblique trigonometry, by 
reaſon I am certain the directions already given in plane 
trigonometry. are ſufficient... And I have alſo given fuch 
examples in rectangled trigonometry under fix different 
problems, as to make it impoſſible for any queſtion to be 
given but what muſt fall under one or. the other of the 
above problems, throughou all its variations; a thing 
not common to be met with, although of the utmol 
conſequence to every one ſtudying the doctrine of rec- 
tangled trigonometry,. 


he cot 


O U (hoi 


WF 


ode OF WORKING 
BE: PROPORTIONS By LOGARITHMS, 
Gy pf 
ether W H EN the proportion is direct, take the arithmetical 
omplement of the firſt term, the logarithm of the ſecond 
em, and the logarithm of the third term, and add them 
tu ogether, abating. 10 in the index, their ſum will be 
wy he logarithm of the fourth term or anſwer ſought. 
gf. N. B. If radius is the firſt term, the index and loga- 
ithm are cyphers; but when radius is the ſecond or 
1otheMWiird term, the index is 10, and the logarithm is cy- 
m bers; and again, when the index of the Felt term is 10, 
rige taking the arithmetical complement the index muſt 
equi r. 0 at is 1 bad or negative.] Now to find the arith- 
etical complement, begin at the mdex, and write what 
ach figure wants of 9, except the laſt, which take 
g them to. —— To check or examine the complement 
„ VBrichmetical of any logaruhmetical fine, tangent, &. 
plane, hen the fine is taken out look at the co. {ecant, and 
0 fu hen the tangent is taken out look at the co. tangent 
my nd the contrary. | | | 


of thefWnother Method to Work Proportions by Logarithms, 

„ when Direct. | 

Fre ADD the logarithms of the ſecond and third terms to- 
ether, from that ſum ſubtract the logarithm of the firſt 


erm, the remainder is the logarithm of the fourth term 
ought, But I make choice of the former method. 


N. B. When an angle or arc is 22 than 90 degrees, 
be ſine tangent or ſecant of its ſupplement muſt be uſed. 
he complement of an arc or angle is found by ſubtracting. 


O 1010 go degrees, and the ſupplement from 180 degrees; 


ST © 
P ROB LE M 


The angles and hypothenuſe 


pendicular 
L.A 


In the right L a ABC ; 
AC 


Making AC rad. to find AB. Making, A AC rad, to find Ch 


=0.00000[As radius ==90®. 
- AC =125.6'=2.098g 


As JG 2290 
AC =125.6'=2.09899 
SL Cg 56.15 29.9198 


A B= 104. 422.0188 | 


Iſt. 


given; 


the baſe and pe: 


required ? 


1 


332 +45 


125. 6 CB 


25 SL A=33 45 29.7447 
.» CB=69 . 781.8437 


AB 
and 5 req 


O. OOo 


Making AB rad. to find AB. 
As ſec. . A33%45'=T-91985 


2125. 6 =2,09899 
2: Rad..= 90... =10. l M. 


„ AB=104. 4 =2.01884 


Making CB rad. to find AB. 
As ſec. C 509.15 =T.74474 


Making AB rad. to find Ch 
As ſec L A339.45'=T.919% 


» AC=125 


cw 0980 


: Tang. L Agg. 45 =9-824% 
.. CB=69 78 1.8437 


Making CB. rad. to find Cl 
As ſec. C £69,157 =T> 744 


,AC=125.6 = 2.09899 
: Tan. C 56.15 Soul. 


** AB=104., 4 22.0188 


$2 AC=125. 6 . ogg 
z Rad. z 90%  =10. 


„ CB 69 . 78 =1.84?] 


P R O 


19 
r ROB L E M Hd. 


b angles and baſe given ; the perpendicular and hypo- 
1 required ? 


{ £Cb29.01') CB 
the right 4 A ABC {ven and req. 
C(ABe y. og AC 


ö 
reg, 


q 


— 


900.00! 
LC 62 oa. 


A 27 59 


- 


king AC rad. to find AC. Making AC rad, to find CB. 
SE C= As 8 C 

AB = „35  AB= 
AC =go' 63 8 CB = —+ f 37 


Fe AB rad. 10 > find AC. Making AB rad. to find CB, 


ad CB 


Rad, = As Nad. 

AB = „ 
1.84) Sec. A . 2 TL A 
. - e. 2 2 
T. 74% ling CB rad. to find AC. Making CB rad. to find CB. 
2.0000 T/ CG — | As T4 C= 
0. AB — r 

Sec. C= : ; Rad. = 


1. 84% AC Sg. 6g CB 214,7 


In the right ABC ; 


(-48 ) 


P R O B L 


E M Ald. 


The perpendicular and angles given; the baſe land hyp 
hs thenuſe required? 


BC =14'.87 (AB 
given Sand 
(4 Am27?%.59 ; TAC 3 


909.007 
LA 27 .59 


J _ 
R Zz. C 62 .01 
B ag 


— a 2. 4 


Making AC rad. to find Al 


As SLAZ As SLA 

„ = „ 
1 Rad. = | SLC 

.» AC =g0'.63 „ AB =27/.05 
Making AB rad. to find AC.|Making AB rad.. to find Al 
As TEA = Is TeA= 

- CB => 14 .= 
2: Sec. A= :: Rad. = 

AC =g0'.6g $.. AB =25% 0g 
Making CB rad. to find AC.|Making CB rad, to find Al 
As Rad. = As Rad. = 

5 9 CB. = 

2: Sec. 4. C= 3 

„ AC =30/.63 I. A B 227/. og 


he ba 


n the r 
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PR OB L 


E M IVch. 


hype he baſe and hypothenuſe given; the angles and per- 
hs pendicular required ? 


AB==94/.5 LALC 
n the right AABC 4 giv.s and > req, 
=_ 


AC=1g2.7 


— 


AC = 


Working from AC. 
aking AC rad. to find BC. 


is Rad, = 


ind Al 


8 CB 293 ˙ 18 


SL. C 2268. 24 N 


CB 


2 

* 

— 
[| 


"Son LA 44. 36 


Worki ng Com AB. 


Making AC rad. to find CB, 
As 8 C 

„„ 

12 8. A i 

CB =93.18 


— 


aking AB rad. to find CB. 
is Sec. A 
AC 2 
1 . 2 
CB =_y" 18 


ind AN 


20 AB rad, to find CB, 


” TA 
. CB Sgg. 18 


Making CB rad, to find CB. 
\s Sec. C 


Making CB rad. to find CB, 
As 14 C2 


| =. AC — » AB = 
R O : : Rad, = : Rad, = -, 
bs CB 293. 18 E „ CB 293. 18 
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SN Q::B :L\;E#M 


| Vth, 


The hypothenuſe and perpendicular given; the ange e tba 
and baſe required ? 
3 AC=276. 1 LA n the r: 
In the right 4. AABC given 4 LC > req, 


AL 
Making AC rad, to find LA. Making CB rad. to find . 
As AC = [As CB = 
*. Rad. — Rad. = 
e: CB = 2 AC = 
Foe SL. A280. o1' „Sec. LC=640. 597 
Working ſronſ Ae... Working from CB. 


Making AC rad, to find AB. 
As Rad. = 
„ AC = 
2: SEC = 


„ =243'.9 


Making AC rad. to find AI, 


Making AB rad. to find AB, 


As Sec. A 
5 2 
2: Rad. 
» AB 224979 


"3A 


Making AB rad. to find AB 
As TIL. A 

. CB = 
:: Rad, = 


222437. 9 


Making CB rad. to find AB, 
As Sec. C 
e :- 
22. TLC = 


Making CB rad. to find AB. 


3 


( 51 


FR VU B:L 


angle 


a the right a ABC ; 8 


d LC 


laking AB rad. to find L A. 
1 


) | 


E M VIth, 


he baſe and perpendicular given ; the hypothenuſe 
and angles required ? 
AB=96'.21 LALC 
285 40 8% & AC greg. 


d 


$6.21 


Making CB rad, to find C. 
As CS.= | 


Tc * 493 


Working ow” AB. 
laking AC rad, 10 find AC. 
8 SEC = 


* 
I 
2 
0 
u 


128˙.4 


| Working from CB. 
Making AC rad. to find AC. 
As SLA= 

Lo OD = 

:: Rad, = 

.. AC =128'.4 


bw Rad,. = 
.- AS 22 
Sec. A 
„ AC: 24 


Making CB rad. to find AC. 


=128'.4 


03. 


Making AB rad. to find AC. 


Making AB rad. to find AC. 
As TEA = 

„ CB _. 

: ꝛ28ec. A 

„ AC 21284 


Makin CB rad. to find AC. 


2 AC 2128/4 O B- 


AT — — — — 5 
—__—— ↄ —— — — — — — — — — — 
— =. 4 4 — _ — . - - — 


—— 


— 


— 


1 27 2 
— — —— — * > — V9.0 i, 4 — 
Z.... r nunnmawy =p 
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OBLIQUE TRIGONOME TR 


S It. 


R U 1 © 


In all plane triangles, the ſides are in juſt proportig 
to the ſines of their oppoſite angles, and vice verſa. 


OBSERVATIONS. 


iſt. If a given angle is acute and oppoſite a leſſeſiſſ-- 5 
given ſide, a required angle is doubtful whether acute 
obtuſe, but is eaſily known by inſpecting the triangle. 

2d. Inall plane 3 the greateſt angles are Kno — 
by being oppoſite to the greateſt or longeſt ſides, anl 20 
vice verſa. 

3d. If the given angle is obtuſe, the req. angles are acute. 

4th. If the proportion produces an acute angle When! 
ſhould be obtule, its ſupplement is the required ang 


PFO 


Two fides and an oppofite angle given; the other 
angles required ? 


AB 112. 5 LA In the 
In the oblique 4 AABC <4 BC 79 . o S giv. 4 & >re 
LC 42.27 LB 


As AB = 
„ 
EE a 


. SLA —=280.18 
C =42'.27 


70 «46 


180 .00 


LB=109 15 


( 93 ) 

Rl | AC=113'.4 LA 

nthe obl. L ABC S ABS 79 .o1 Ci & 
C 300.25 


ortiq \s AB = 
* * 8 C = ng-0! 
» AC = 
lese. SJB =46.36 
ute « 180. 00 
gle. * 
Kno LB=133.24 
5 and 2 — 30.25 
acute. 163.49 
hen 180. oo 
angie ES. | 
LAS 16.11 
other 


TAC = £5706 + £2: Aay 
| usual = 32.7 Civ 2 
req 


AB. =1049.26' — 
ks AC = 
„ 82 
2: AB = E 


SC = 39.42 
fy 26 


A 3 1 8.08 


0 — w —— ”# 
th 
þr — 


A, 
In LA 41.52 1 
5 1 


* — 7 bY - . ' A. 
« > 
er — 


4 — WL 
WY” 
= 
be 
* 
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P-R- OB *L£ MA - --* Bb 


Two 
Two ſides and an oppoſite angle given; the other 


ſide required ? 


the 


LAm=3g7*.20 


AC =147 .9 | 
In the obl. L AABC4BC = 96 .o8 given 9 req 


e 
3 
"4 
— 


( 35 ) 
ei US LE m. 


Two angles and one fide given; the other two 


other ſides required ? 


L.A1169,g0/ AC 
the obL EA ABC LB 35.20 d given and req 
bon AB 120.9 BC 


D - 2 S w 
—— — — 
r r — 


> 0 
LA=1169.307 | 
B= 25 .20 | 
151.50 0 
180. 0 | 
4 C= £8.10 1 
As SLC = 1 
2 "| 
2 2 SELB = [4 
„ AC 21481 5 
As SEC = 
k AB = 
:: SLA = 


ol CB 229.2 


6360) 
"6 &' 78:-© ©- ls 
RU bv 


As the ſum of two given ſides is to their difference, | 
is the tangent of half the ſum of the oppoſite angles tot) 
tangent of half their difference; the half difference adi 
to the half ſum gives the greater angle, but fſubtrad 
leaves the leſſer. 


o ſid 


oceed 


N. 


Two ſides and their included angle given; the othe the ol 
two o angles required ? 


L AB. =76/.02 &.C 
| In the obl. LAABC AC=54: giv. 5 & Fu 12. 
| LA =639.26/ LB 34 


1800. 00 / AB=76/.02 
A 63 .26 AC=5;4. 


— - 90 
2)116 .34=Sum of B&C I oe. of ai 
58 17 Half ſum. 22 .o2=Differe BC+ 
DO 
As ABTAC = W T. ſur 
2 8 — * *X the 
: TZ ſumop.s= 58.17 N 6 
PL» their diff.=15.19 A/T, B 
76 02 
 £C=73.36 


EAB=42.58 


PRO 


( 8 } 


o ſides and their contained angle given; the other 
angles and the fide required? 


dtratWoceed as before, and find the other two angles; then 


find the fide by problem iſt. 


AB = 35/.6 LA 
the obl. & a ABC BC =125 . T giv. C 976 


B= 37. 26 AC 
Ce 2125.8 180.0 
3 I= 35.6 37 .26=4B 
161.4 Sum. | 1)142 .34 ſum of Ls 


90. 2 Diff. a 71.1728. op. s 


iffere BC TBA = As SE C= 
BC—-BA = „ AB 
I. 4 ſum op. $=71.17 22 SLB 
2 their diff. 8.46 * 
„ AC =99.8;5= 
B LE A=130.03 | Mn. 
C 12.31 


CASE 


RO 


'(@) 


. IIId. 
. 
In all plane triangles, as the baſe is to the ſum of i che ol 
other two ſides, ſo is their difference, to the difference 
the ſegments of the baſe made by a perpendicular let i CB: 


from its oppofite angle when it falls within the triang| 
or added to the alternate baſe when it falls without Sum: 


In the firſt caſe, the half difference added to the hi 
baſe, gives the greater ſegment, but ſubtrafted lea AB 
the leſſer. 0 f | BC+ 


In the ſecond caſe, the half difference of the ſegmen 
added to the half baſe, gives the ſum of the baſe a 
external baſe, but ſubtracted leaves the external baſe, 


N. B. Having found the two ſegments made by letti As 
fall the perpendicular, proceed to find the angles 
rectangled trigonometry, having the hypothenuſe a 
baſe given, 


659) 


FR RO B L E M Iſt. 


ben the perpendicular falls within the triangle, the 
three ſides given; the angles required? 
ABS 126. 6 LA 
the obl. 4 a ABC? AC 6g. 0s] giv. 
BUE 9. 5 


AC= 69.05 


CBS 93.5 

angle 

˖ Sum 162.6 

| Diff.= 24.45 | 

he b | 126,6 

leu AB = 4)31/. 

BC TAC = 9 a 
BC—AC<= 13 .69=half the diff. of ſeg. 
BD— DA =31/.39 63 .3 =half the baſe. 

gmen EY: 

aſe al 78 .99=DB the greater ſeg. 


47 .61=DA the leſſer ſeg. 


As AD = As DB = 


V letti 
agles . Rad. . Rad. 
aſe a :: ACE 3.200 
Sec. A 469.25= . Sec B= g 21 
AS 46.25 
3 78 46 
180 .00 


Cr 101 N 
R PRO B. 


C 5 requir. 
LAB | 


; 

N 
3 
[ 

— 
y 

1 
/ 

: 


_ — — 
— _ r e Äͤ . ²˙ m ü mn ns 
— - 5 . 
* _ * — 5 
— F — r — 
. xs CS 


— — — — — — ES 
. — a. 
— 
— 
* — 
4 : 
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PR GOD L: E M An. V. B. 
When the perpendicular falls without the triangle. 5 0 | 
AB=26..05 LA rence 
In the obl. L AABC 948 39. 6 6 þ giv ; 235 requi from 
BC=21 .08 0 erence 
AC=39 6 Wes the 
BC=21 .08 Or 
a | 0, WW their 
60 68. Sum of two ſides 2 take 
— o. of 
18 .52 their difference 26.05 ogs 0 
— ether, 
2) 26.05 ther 
13-025=half baſe 
21 .57=half of ix 
As AB = 3 
.. AC+BE= 34 - 34 -595=AE 
: ; AC—BCE 26 -050SAB 


-» AE+BE=43/. 14 
| 8. 544=BE LTI. 
21 57 Thalf diff. of ſeg. 


As AE As BC = 


„ Rad. „ S 
: AC = :: AB = 
BE \. $2c-A=ag? 08 „ 8 C 6.57. 


LA =29 .08 


7 


( 61 ) 
1 eb 0 Lino i i pl nol ihe 

N. B. Cafe gd, may be folved by the following Rule, 4 
) as the longeſt fide is to the ſum of the other two 
s, fo is the difference of the two ſhorteſt ſides to the 
erence of the ſegments made by a perpendicular lets 
from the angle oppoſite the longer be; the half 
erence of the ſegments added to half the longeſt ſide: 
es the greater ſegment, and ſubtracted leaves the leſ- 
Or thus. Add the three ſides together and take | 
their ſum, from the half ſum ſubtract each ſide, '* 
n take the arith. comp. of the half ſum. The arith. 
p. of the remainder oppoſite the angle required, and” 
logs of the other two remainders, add theſe four logs 
ther, the half ſum thereof gives the coctangent of 
the required angle, 


le, 


equi 


* 
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LTIMETRY any LONGIMETRY.” 
DEzriniTiONs and PRINCIPLES. 


. BY altimetry and longimetry, or heights and dif. 


, . 

24 es, is meant the interval between tWo known points 
Jace, 74 21 6e. 

” l, When the given points are in one plane, a line 
n from one to the other is called a diſtance, whethe 
plane izontal or inclined. nbi 

eee 

| G 3d, When 


N, 


is theicitcle or part thereof divided into degrees, fixel 


6562) 


gd. When the plane is vertical or perpendicular, ity 


ngle ( 


chen called a height or altitude, * 
. Ne athom: 


4th. Again, when ane: point is in a given plane an 
another out of it, if above, a perpendicular let from i 
on the plane is called its altitude, but if below a perpen 


dieular, therefrom to the point is called a depreſſion. 


Sch. The common inſtrument uſed in altimetry, & c 


with ſights, &c. proper for meaſuring or taking of angle 
which by one general name may be called an angular in 
ſtrument, tho' in practice it has ſeveral, as the theods 
lite, protractor, plane table, mariner's compaſs, &c. 


Sth. To this muſt be added the length of an acceſſible 
line, ſuch as a foot, yard, pole, chain, &c. 


Whe 


At an 
nokes, 

of whic 
ne ang] 
ions be 


und b. 


— - 


— — Owwe} > 4's... * 8 2 E *— 11 2 — — 
C A ſt. 


To find the height of objects being at ſea, or on Te 
Firma,” „hen the pbject is perpendicular to. the ſut face 
and the diſtance to it can be meaſured. 


„ ales» + E.. 
414 n ACA ; Being 


At any convenient known diſtance from the obje8ﬀke ar 
find the angle the top of it makes; then by rectangleſect line 
trigonometry (having the angles and baſe given) find Make ar 
perpendicular, and 1ts done. eight, 


r +: 1P7 £2 B, >; 7 
At fea 1 found the altitude of a caſtle (after allowiq; 
for the height of my eye above the ſurface) to make 4 


U angle 


LS, 


f »” 
00-1 


ngle of 169.20 when the diſtance from it was 100 
athoms, required the caſtle's true height? 


100 
| Anſwer. The caſtle's height 29.9 fathoms. 
Rai e N 
ngle C 3 8 33 IId. 
lar in 


e Wben we objett i is not perpendicular, ſuch as bills, 
mountains, ny —-—_ 


eſſible | 55 1 R 2 U ; Ss . 


At any convenient diſtance find the angle the top of it 
nakes, then go farther off, or nearer to it in a direct line, 
ff which line be careful to have its true length) and find 
he angle the — 0-ogy makes, which angles at both ſta- 
ons being carefully taken, the perpendicular height is 
und by tri * 


Te 


ut lace 


E X AMT L FE. 


Being at ſea, I obſerved the top of a mountain to 

objelMnake an angle of 79.307 after ſailing four miles in a di- 

angle ect line towards the mountain. I then obſerved it io 

ind Rake an angle of 139. 20“. Required the perpendicular 
eight. | 


Anſ, The height is 1043 fathoms. 
G 2 CASE 


, (98, 5 


* 


en 25 2 N AS „E. IIIA. 
IH 905911 3 Ra 332 321 8 ate 
The . of wr earth and the height of an g 
above the ſurf being given to find the diſtance fg 
the eye to the remoteſt diſtance it can ſee of the ſy 
face, commonly called the horizon. 


* 
— 7 . - " Th — 
— % „ * * . - 
"7; £ 4 18. * ' FA C3 2 + # i © | 
TRIS Y 7 4 * 0 — 944 : 4 P + + 
WE U L E. 
. 


To the earth's diameter, which is accordi ing to . 
Newton's meaſure 41,98, 117 feet, add the hei igbt 


eye above the ſurſace, then multiply ĩt by the e 05 's bei 49 
above the ſurface, and take the ſquare root of that pic 9075 


duct, and it will be the true diſtance required. 


2 EXAMPLE k. 


Being at fea in fine weather, I went to the cl 
"maſt head, which was 150 feet above the ſurface ; he 


„ 


' 


i 
© 1.3365 
4 
Hy riss * g N 
* | 
215 . 
* 1 * 
151 31 1 . 
a 7 
3 5 3 
* * i 1 a 285 Fe 
/ 3 : 
— 
I 
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Feet. 
4 1 798 117 the earth's Sm 


150 


41798267 
150 


2089 19350 
41798267 — mile 


* 


; heig 49 52 
19) 1369 2638 
1341 116 


581) 2874 5261 
1581 4732 


lan — 
1 ;828)12930o( 509 


„* 
* 


| ſee? 120084 476% 
158361) 26 65d 3380 
F 18 962 3168 
709.459 ,'.; 038 


Anſwer, 14-996 miles; 


*. 
— 


1 1 CASE 


6 66 ) 
C A 8: IVch. 


The diameter of the earth and the height of an eq 
above the ſurface being given, and alſo the height d 
ſome diſtant object lying in the ſame direct right lim 
with the eye, to find the diſtance between the eye a 
the object. 


R 89 E. 
Proceed as in caſe gd, to ſind the remoteſt diſtance you 
can ſee of the ſurface, and do the ſame with the objec! 


height; then add the two diſtances together, and it wi 
give the true diſtance from the eye to the object. 


3x AMA L2 


Sailing towards the land, I ordered a man to the fore 
. top-gallant-maſt-head to look out, when his eye was 12 
ſeet above the ſurface, and he faw the top of a calll 
whoſe height from the ſurface was known to be goo fee! 
J demand how far we were at that time from the caſtle 


I obſt 
heard 
loud fr 


— 345897 miles. 


FFF O1 


To aſcertain the diſtance of places by ſeeing a flal 
ſrom a piece of ordinance, or otherwiſe, and ſome tim 
aſter hearing the report or ſound made by the exploſion} ** Cl 


wee yy 


As a fecond of time is to 1142 feet, fo is the numbe 
of ſeconds between ſeeing the flaſh and hearing the re 
port or ſound, to the true diſtance, 


4 | | Ex 


{ VF }) 


E X AMP L X. 


At ſea I ſaw a flaſh from a ſhip in diftreſs, and 50 ſe- 
ht ofronds afterwards I heard the report. At what diſtance 
| lineWvas the ſhip that fired ? 


: anl Feet. Yds. 
\s 17 1142— 507 1760=1 mile 


| ejt 


50 9 3 
eyd 5280057 1000 10 miles. 5280 feet in a 
bjeckt 5280 mile. 
it wil _—_ | | 
-,, 2900 


Anſ. 10 miles, 4300 feet, 


> ſore 1 obſerved a flaſh of lightning, and 25 ſeconds aſter 
as 1 heard the thunder roar. At what diſtance was the 
_ callWMloud from me? | 


o feet 


Anſ. 5 miles, 2130 feet. 
callle! 


On: CHRONOLOGY. 


' DeriniTIONS and PRINCIPLES. 


Jloſionfl ': Chronology is the art of meaſuring time. 
2. By it we have rules to find the 8 number, 
patt, moon's age, time of high water, & c. 

numbe | 

the re P50"! DÞ M Iſt. 


To find biſſextile or leap year. 
EX D E- 


(wy 
DEFINITION. 


It is fo called from its leaping one day more that yen , Thi 
than in a common year. The common year has only 965 1 7 
days, whereas the leap year has 366 days; then Februay * 
has 29 days, but in common years only 28. ays t 
| mon 1 
r [acean 


other y 


Divide the year of our Lord by 4, if nothing rema 


TOY leap year; but if x, 2, or 3 remains, it is ſo mar | A 43 


years aſter leap year. h * 
, { 
What is the year 1786, a common or a leap yen 3 
41786 bars 
446—2 | 
Anſ. A common year, and the ad, after Jeap yea 
What was the year 1776, a common or a leap year! | 
W Anſ. I: was a leap year. 
What will be the year 1799, a common or a leap: year 
Anſ. It will be a common year, and the third att 
leap year. | | 
_ | What 
PR OB E E M IId. 
To find the year of the cycle, commonly called the Vhat 1 


prime, or golden number. 


(569 3) 
D:;:E Ef IIN 1 ETA N. 


This cycle of the moon's revolution of 19. years con- 
taining all the variations of the days on which the new 
and full moons happen, after which they fall on the ſame 
days they did.49 years-agg, ox before, But when a com- 
mon 100th year falls in the cycle, the new and full moons 
(according to the new ſtile) will fall a day later than 
otherwiſe. 11 ˙ Sir get 1607 þ e 


Add one to the year of our Lord. divide that ſum by 
19, the remainder is the golden number; but if nothing 
remains, that year is the igth of the cycle, or the golden 
wmber is 19. 8 
What is the golden number for the year 17867 | 
| 1786 | TONY 
5 8 
* 74 7 — m 2 | 
29)1787(94 
171 
77 
7 


3 * 


— —— 


Anf. 1 the golden number. 


What was the golden number for the year 1776? 
e Anſ. 10. 


W bat will be the golden pumber for the year 1799 ? 
WP TT 14 the golden number. 
PR OB. 


((90)) 
Pp DIB I LIE! M 1114. * 


5 


10 *- = 


7 = find the epabt all the year 1800. 


2 | a E WI 
D 2 £T;N FT.1.-0N. 6 
The epact of the year is the moon's age at its con 
mencement, that is, the time between the laſt new mov 
and the firſt minute of the firſt day of January. Ort 1 
moon's age on the giſt of December, is the epatt for th 
following year. Conſequently the epatt can never e 
ceed 29, and it advances 11 every year. 
T 
i | The ag 
Subtraft one from the prime or golden number. Mui gnce 
tiply the remainder by 11. Divide that product (it days 
exceeds go) by go. The remainder is the epact. : 
What was the epatt for the Fur 1786? To the 
1786 ; ir ſum 
1 : ide by 
—— e taken 
19) 1787094 015 ac 
171 the day 
3 
76 N. B. 
| | moon 
1 The golden number. epaCts 


* allows 


Anf. o the epatt. 


(67.9) 
What was the epact for the year 17767 
e ht | Anſ. 9 the epa 


What will be the epact for the year 17999 


of F R O B L E M IVh. 
er e To find the age of the moon. 
t 


{ſince the laſt change, which age can never exceed 
days. | 


Pa, » ge as 


ir ſum if under go, is the moon's age, if above go; 
ide by go, the remainder is her age. The moon's 
e taken from go leaves the day of the next change 


d15 added to, or taken from the day of the change, 


the day of the full moon. 


N. B. When the ſolar and lunar years begin together, 
2 moon's age on the firſt of each month, or the month- 


epacts are called the numbers of the month, which are 


lollows : 


IN 


The age of the moon is the number of days that have 


To the epact add the number and day of the month, | 


4 eo nr CT RET ww a - 


((%) 


dtn o nh A A 68260 d. 


Dec. 
10 


mm Feb. rp July] Aug. Sep. 78 18 


10 


cr N AEN KA sd iii 3 
2 EA Aer Sep. 77 Nov. 
11 


Dec. 
11 


june 


To calculate the Numbers of the Month 


Add the number of days from the firſt of January, 
to the firſt of the month you, want to know. the number 
for, (both days incluſive ) and divide that ſum by 
29.59; the neareſt whole number to the remainder i 
the number required, | of 


133 A M — L 
Let it be required to find the Lunde of the month 


for * 1786, it. being a common Ne 58. 


ann Arx | 
28 7 | 
31 March 
30 April 
31 May 
30 June, 
1 July 


29.53) 182.00 0 
177.18 


— 


4 1 


82 Anſ. 5, it being neareſ. 
: : 6 What 


What 


Anſ. 
Of w 


What 


To fi 


The n 
pmes 01 
ter by. 
vided b 
geridian 


ves 48 


Multi 
e right 
hours, 


1 


What age was the moon the 26th, of April, 17867 
o The Epatt found by Problem gd. 
2 Number of the month. 
26 Day of the month. 


1 Anſ. 28 moon's age. 


Of what age was the moon the 17th, of Sept. 1776? 
Anf. 5 days. 


What will be the moon's age the 19th, of Jan. 1799? 


Anf. 12 days the moon's age. 


P'R OB <4 -M V. 


To find the moon's culminating, ſouthing, or being 
on the meridian. 


DEFINITION. 


The moon's culminating, or ſouthing, is the time ſhe 
pmes on the meridian of any place; and it is every day 
ter by 48 minutes; found by the hours in one day heing 
vided by go, as every moon from new to new, paſſes che 
eridian go times, therefore, 24 hours divided by go, 
ves 48 minutes. 


FF 
Multiply her age by 8, and cut off one figure to 


e right hand ; the left hand _ or figures will 
hours, and the right hand figure ſo many ſix minutes. 


= H N. B. Should 


( 74 ) 


N. B. Should this be leſs than 12 bours, it is the 

time of, her ſouthing aſter mid-day; hut if greater 
then 12 hours taken from it, leaves the ſouthing aſiet 10. 
midnight, that is, on the following morning. of the 
full ſe 
high \ 
propo! 
2d. 
he ſu 


At what time was the moon on the meridian the 
26th, of April, 1786? 


Her age 28 days, found by prob. 4. 


8 bles fo 
14 —o0h. 94 nd cl 
3 2. and m 
t give 
10 24 3d. 
1 , | i2his. 2 
Anſ. at 24/ paſt 10, A. M. but if 
That is on the morning of the 27th, and it 


again, 
ſubt rat 
high w 
ſrom th 
on the 
is the 
are twe 


At what time was the moon on the meridian the 


17th, of Sept. 1776? 
Anſ. at 4 o'Clock P. M. 


At what time will the moon be on the meridia 
the 19th, of Jan, 1799? 


Anſ. at g6/ paſt 9 o'Clock, P. M. vb a 


PROALEM VL * 
To find the time of full ſea or high water, at 2 E by E 
P propoſed place whatever. NE _ 


R U LE? 


is the 
eater, 
alter 


n the 


eridial 


J. 


1 


KY 


'ſt. To the ſouthing of the moon add the flowings 
of the place, that is, the point of the compaſs making 


full ſea, (which is the moon's bearings at the time of 


n 


high water on the full, and change days for the place 
xropoſed) their ſum is the time of high water, 


2d. The point of the compaſs making full Sea on 


he full and change days, may be found in tide ta- 
bles for that purpoſe; and if any place flows on full 
nd change as under-mentioned, you add the hours 
and minutes, as againſt it ro the moon's ſouthing, and 
it gives the time of high water. 


are two tides, 


North and South = 
Nby E = Sby W = 
NNE = S. SW = 


NE = SW = 

NE by E=SW byW= 
E. NE = W. SW = 
Eby N W by S = 


hrs. m. 


12 
Oo 
1 


NE by N. SW by S = 2 15 


gd. Should this fum not exceed a tide, which is 
jobs. 24/ it is the time of high water after mid-day ; 
ut if greater than 12s. 24/ take 1ahrs. 94/ from it, 
and it gives the time of high water after mid day: 
gain, when greater than two tides, that is, 24Þrs. 487 
ſubtract 2 4brs. 487 from it, and it leaves the time of 
high water after mid-day; laſtly, 24 minutes ſubtracted 
ſrom the time thus found, leaves the time of high water 
on the morning of the ſame day; for 24 minutes nearly 
is the difference of each tide, and on every day there 


hrs. m. 
0 


o | Eaſt and Weſt = 6 
45 E by S W by N = 64 
30 E. SE = W.NW = — 
SE by E NW by W= 15 
SE = NW = 


50 9 
45 | SE by SSNW by N== 
15 |S by ESN by W= 11 15 


South = North = 12 


H 2 


— uy — — 


(76) 
At what time was it high water at London-bridg 
the 26th, of April, 1786? 


29b. 944 The moon's ſouthing by prob. 5. 
2 37 At London-bridge it flows NE by Nt 


25 01 
„ 48 
| 0 13 An. high water 13 paſt noon, 


At what time was it high water at London-bridge 
g the 17th, of Sept. 1776 5 


Anſ. at 6h.977 P. M. 


At what time will it be high water at Plymoutl 
the igth, of Jan. 1799? 


Anſ. at gh. 127 P. M. 


PR OB L E M VIIh. 


To find the golden number, epact, moon's ag: 
moon's ſouthing, and the time of high water, at an 
place and time whatever, all under one. 


. 
iſt. Add 1 to the year of our Lord, divide thi 
ſum by 19, the remainder 1s the golden number. 


VN. B. If nothing remains that year is the 19th, 0 
the cycle. | 


2d, Subtract 


Femail 


5th 
the pl 
dat p 


1786; 
water 
year, 


Id 8 


„ 


2d. Subtract one from the prime or golden num- 
ber, multiply the remainder by 11, divide that product 
by go, the remainder will be the epatt, | 


ridge 


NI 
N zd. To the epact add the number of the month 
and day of the month together, which gives the moon's 


age. 


4th, The moon's age multiplied by 4 and divided 
by 5, gives the moon's ſouthing in hours, and the 
remainder: ſo many 12 minutes. 


5 zth, To the moon's ſouthing add the flowings of 
e place, and it will be the time of high water at 

no dat place; obſerving gd. rule, prob. 6th. 

. N. B. This operation muſt be performed for the 
ſame year for which the golden number and epatt 
were ſound. | | * 

8 age 


at a What is the golden number and epaRt. for the year 
1786; and what age is the moon, and when high 
water at London-bridge, on the 26th, of April, that 


year, 


1786 
* 


19) 1787 (94 
WA: 


THI 


nd on 
1 The golden number, ad to 


1 ſtened 

hich 1: 

o The epact. hich b 

2 Number of the month. 
26 Day of the month. 


minut; 
alf mii 
no” a 
28 Moon's age. MTerie: 

4 er to 

| TP erefor 
{63 $48:a&: 1 | not to 
—— — | 1 10, 1 
22: 24 The moon's ſouthing. the ſ 
2297 London-bridge's flowing. he log 
— ä piece 
25:04 e ſtrar 
24: 48 from 
— — ling 
13˙ High water P. M. ne off 
at caſe 

laſs, an 


Anf. The golden number is 1, the epact o, the moon! 
age 28 days, her ſouthing 2abrs. 24' and it was hig V. B. 
water 13! paſt noon, ne ver) 

| | ecelve 


INSTRUG 


1 
ert en 
T 0 MAKE 


ES LIKES 


THE log is a flat piece of wood in ſhape of a ſedtor, 
nd on its circular fide there is a ſufficient quantity of 
ad to make it ſwim upright in the water, and to it is 
ſtened a line of 5o or 60 fathoms, called the log line, 
hich is divided into equal parts, called knots ; each of 
hich bears a like porportion to a nautical mile, as half 
minute does to an hour. Now to make a log line to a 
lf minute glaſs, the ſpace from knot to knot is 30 ſeet, 
o' a juſt proportion is 51 ſeet; but as it is found by 
werience that 51 feet would be too much, it being much 
fer to have a lhip's reckoning before than aſter her, 
erefore 50 ſeet is allowed the proper length of each 
not to an half minute glaſs, the knots being to be counted 
t 10, 12 or 14 fathoms from the log, as it may be clear 
the ſhip, her wake, &c. Before they begin to count 
he log line) from whence they begin to reckon, there is 
piece of red rag, ſrom which place is reeved between 
e ſtrands. of the log line pieces of twine with knots on | 
from 1 to 5, 6, or 7, &c. to ſhew the ſhip's rate of i 
uling; but ſhould the ſhip ſail fo faſt as to run the log | 
ne off the reel beſore the half minute glaſs is out, in | 


at caſe they generally make uſe of a quarter minute 
moos laſs, and ſo double every knot. 155 0 


as hig, V. B. Be ſure great care is taken to meaſure the lo 


ne very oſten, for fear it ſhould have ſtretched and fo 
eceive you in the true diſtance failed. 


RUG 


INSTRUC- | 


(8 ) 


INSTRUCTIONS to correct Diſtances. iven by the 
Lo LINE and HALT MINUTE GLASS. 
3 1 4 Iſt, 
When the glaſs is faulty, 
INI U- L AO «© 
As the ſeconds run by the glaſs is to go ſeconds, {9 
the diſtance run by the log, to the true: diſtance. 
CCC 
Suppoſe a ſhip ſails at the rate of 54 knots per ly 


but meaſuring the glaſs it is found to run 35 ſecond 
what was the true diſtance ſailed ? _ 


As 30 
nd kn 


iſtance 


Suppe 
y the h 
from 


her ſ. 


feet 
As 35".. 30: : 5/.5..4/.7 miles, the true diſtance ſaili . 50 . 
NEE 
35) 165.004. 7 570 
140 
* 0 - 
245 Again, 
alf min 
om kno 
4 her : 
Again, a ſhip ſails per log 74 knots per honr, bl feet 
finds the glaſs to run only 25 ſeconds, what was u 50 
true rate of the ſhip's failing. 4 
As 259... 30": : 7.5... 9“ miles, the true diſtance ſailed. * 
95 180 
25)225.0 2 55 
915 9 5000 
4+ 


(Wy: 


the | 8 8 E IId. 
When the log line is faulty. 
| R: VU L E. 

As 50 feet is to the diſtance meaſured between knot 

nd knot, ſo is the diſtance run per log, to the true 
oi iſtance. $7 
E X AMPLE. | 
Suppofe a ſhip ſailing at the rate of 6 miles per hour 


the half minute glaſs, but meaſuring the log line finds 


from knot to knot 55 feet. Required the true rate 
{ her ſailing. | 


feet feet 
ſailefi e 5 . 55 :: 6' .. 67.6 miles, the true diſtance failed, 
| 6 


- ; Ic 
cond 


5,0)33-(0 
6,6 


Again, a ſhip ſails per log 42 knots per hour, by a 

alf minute glaſs, but finding the log line to meaſure 
om knot to knot only 45 feet, what was the true rate 

| her ſailing ? 

feet feet ' ; 

$ 50, 45: : 4.5. 47-05 miles, the true diflance ſailed. 

43 a | : 

225 

Fog 


, U 
as 


ailed. 


519)2c12.5 
4-05 
AS — CASE 


(WW /) 


- TABL 
. IIId. uſt Pr 
ſeconds 


When both the leg line and glaſs are faulty. 


„ 1 


Multiply g times the meaſured length of a knot by i 
diſtance run per log, that product divided by z times ti 
ſeconds that the glaſs runs, will give the true diſtance, 


Multipl 
at prod: 
e in fe 


X 


Suppoſe a ſhip fails 6 knots per log line of 45 feet 
a knot, while a glaſs is but 25 ſeconds running ou 


What is the ſhip's true rate of ſailing ? 


257 45 feet 

PE 3 
225 135 
« 6 | 


799 


Anſ. 6.48 miles, ker true diſtance ſailed per ho 
- which is nearly 64 miles. 
| | A TABL 


(- 88.) 


TABLE, ſhewing how to make Loc LIN ESs in a 
uſt PROPORTION to different GLASSES, from 22 
ſeconds to 38 ſeconds. 


To MAKE THE TABLE. 


RUS: © 


Multiply the ſeconds in the glaſs by 5, and divide 


product by g, which gives the length of the log 
e in feet to one knot. 


„ N NL 


— — 


a "Length of Lo 
Glaſſes. Ling is 1 hk 
Seconds. | Feet. Inches. 

22 „ 

23 M4 
. 
25 41 „ 8 
26 43 » 4 
| 27 45 „ 9 
28 a «4 2 
29 | 48 , 4 
1 20 50 „ o 
31 51 „ 8 
32 33 „ 4 
„ 
34 „ 8 
35 [58 » 4 

30 60 „ o 

„ 
94 ho 38 63 „ 4 


BL 
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Ox NAVIGATION 


om ſo 

DEFINITIONS and PRINCIPLES. begin 

is to 

1ſt. Navigation is the art of piloting a ſhip thi Ju beg 
the ocean, diſcovering the latitude, longitude, courk t if to 
diſtance, &c. or how to pilot a' veſſel to any kno Is tow 


I 2 polite 
* 1 | r longi: 
2d, Poles are two points on the earth's ſurſamne. 


diametrically oppoſite each other, one the North pol 
the other the South pole; at theſe poles is the great 
latitude, that is, they are go degrees diſtant from 
equator. | 1 


goth. D 
rture, 1 
meric 
degre 
oth. 1 
& the 
Vs ſupp 


lith - V 


ear in 


gd, The equator is a great circle on the ear 
ſurface equally diſtant from each pole, from whey 


latitude is reckoned. , 


4th. Meridians are imaginary circles on the ear 


furface, paſſing thro' both poles at right angles to it 
equator. | 


5th, Latitude is the needs diſtance of any play 
from the equator. It begins at the equator and en 
at the poles; the greateſt latitude is go degrees, 


6th. Parallels of latitude are circles parallel to ! 
equator. 


7th, Difference of latitude is an intercepted arc « 
a meridian, between two parallels of | latitude, White 
can never exceed 180 degrees; or'it is the neart 
diſtance between two parallels of latitude. 


8th, Le 


( 85 ) 


gch. Longitude on the earth is an arc of the equa- 
r, ſhewing the Eaſt and Weſt diſtance of a place 
om {ome 15 meridian where longitude is reckoned 
begin; it never can exceed 180 degrees, and when 
is to the Eaſtward of the meridian, ſrom whence 
du begin to reckon longitude, it is Eaſt longitude, 
tif to the Weſtward Weſt longitude; and if a ſhip 
Is towards the Eaſt or Weſt untill ſhe paſſes the 
polite meridian, or 180 degrees, the then changes 
r longitude, or comes into a longitude of a contrary 
e. \ 


gth. Difference of longitude, meridian diſtance or de- 
ture, is an intercepted arc of the equator between 
2 meridians of two places, and it never can exceed 
degrees. 


th. The horizon is that apparent circle which li- 
s the ſpectators view on the ſea, whoſe eye is al- 
ys ſuppoſed to be in the centre of the horizon. 


1th» When a ſhip ſails upon the equator both poles 
ear in the horizon. 


12th, When a ſhip fails towards the equator ſhe is 
| to depreſs the pole, and from the equator to riſe 


pole. 


GENERAL RU LES. 


| arc ( 
whi 


ö 
neal\ 


ſt. In all proportions of navigation make the upper 
t of your ſlate or book North, then the right fide 
aſt, the left Weſt, and the lower end South. 


d. Draw the departure towards the right hand when 
courſe is Eaſterly, and to the left hand when it 
eſterly. 1 3d. Plane 


th, Le 


(% ) 


ad. Plane and middle lavieude failings are uſed. ne Wh 
the line, but Mescxtor's every where elſe. and t! 
519. 3 
NN. Z. I ſhall give directions to project the firſt ſigu 
thi ut all the different failings, as alſo work 
whole of plane ſailing by mſpetiion, as well as mat 
matically, Which I think will be fufflcient for a 
leavner to know the uſe of cke difference of latitud 
and departure Table. | The la 
a 3 f 4 
NAUTICAL OBSERVATION If 4 
4 ol the 
C A 8 E i ame” 1 
The: latiade of two. places given, the difference H, © 
3 | latitude requned ? greater 
r 
If the latitudes are of the ſame: name their diffe 11 
is the difference of latitude required, but ik the [al uni 
iudes are of different names, their ſum gives the differ htude 


ence of latitude required, 


What is the difference of latitude between Lond, 
in latitude 549, 1 N. and Gibralterf 360. 06“ N. 


London's latitude 519.31“ N. 
Gibraltar's lat. 365. 06 N. 
Difference of lat. 13. 25 


60 


— 
— 


Fn, 925 miles. Wi 


(# 


What is the difference of latitude: between London 
and the river Plata; the latitude of London being 
519. 31'N. and the river Plata 969,00” S. 


Anſ, g251 miles. 


C A 8 E IId. 


The latitude of one place, and the difference of latitude 
given; the latitude, of the other required ? 


R . . 


If che given latuude, and difference of latuude are 
ol the fame name, their ſum is the latitude of the 
ſame name; but if the given latiude and difference 
of latuude have contrary names, their difference is 
the latitude required, of the ſame name with the 
greater. | en te 


ZE x rl 


A ſhip from latitude 469. 90) N. ſails Northward 
uni! her difference of latitude be 164 miles. What 
lalitude is the ſhip in r | 

Latitude ſailed from 469. 30 / N. 
Diff. of lat. 164 +-60= 2 44 N. 


Anf. latitude in 499; 14 N. 


A ſhip from. latitude g6. 15“ South, ſails North- 
ward untill her difference of lattude be 136 miles. 
What latitude is the ſhip come to? 


Anſ. The ſhip is come to latitude 33%. 59“ South. 
I 2 A COM 


(- 88 ) 
A.COMPLEAT COMPA s;Mala 


Repeat the compaſs as per figure. North 
N.B. Read N. for north, E. for eaſt, S. for ſouth, and W. 


SS, 
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A TABLE of the ANGLES which every Quarter of a 


Poirit makes with the Meridian, 


W. 


N by E 


North * 
— 


South : 


Points. 


S by E 


— 


NN 


NE by N 


NE 


NE by E 


SSE 


SE by S 


'SE 


SEbyE 


22 


— bu — 
298 


4922 


22284 22222 


2 1 OOo es 


* On On 
— 


—— 


ei AAA eee 
— 


North. 


Nt-y W 


NW 


NW by W 


—̃ —— — 


| 


South. | 


Shy W 


o -- — 
2 — 
—— * © — * _ 


4 — — — OT + —— — — 1 
- ” PX. a 4 — 
* Y - _—- * 1 E . 2 — - 
— 2 — 7 % - — — 
o . $I? Tl 


* — 
- 
-* as WT s 2 2 
— 3 


call the hypothenuſe the diſtance run, the perpend 


— — ” — ʒ́ (oz —— ꝑ ſbu . — — 
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LANE N A EN 
r 3 
It is the application of rectangled trigonometry. 
N. B. In ſolving plane failing queſtions you wi 


cular the difference of latitude, which is always Nort 
or South, and the baſe the departure, and that 
always Eaſt or Weſt; the angle oppoſite the depy 


ture or baſe repreſents the courſe, and that oppolif V. 
the difference of latitude or perpendicular, the con figures 
plement of the courſe. En in 
: BP, 

C A 8 E Iſt. g 
The courſe and diſtance run given. =, 
Difference of latitude and departure required? N radi: 
A Ship from latitude 429. go! N. fails S W by Wl Ct 
286 miles. What latitude is ſhe arrived at, and wi ©? 
departure hath ſhe made ? diff. 
To PROJECT the FIGUR E. Waking 


. Fa 
Draw the meridian or difference of latitude, wid diſta 
is always North and South, then with a Chord 4: tan. ce 


60 degrees from C. deſcribe an arc repreſenting th 

quarter the ſhip ſails in. on which arc ſet off the cou diff. 
the ſhip fails, viz SW by W. equal to 56. 15/ or 
points from a. to r. thro' r. the place where it c 


laking 


the arc, draw the diſtance line C A. equal to . Hoa 
miles, from any ſcale of equal parts, then in mann. 1a: 

4 WM drita; 
as you would let fall a perpendicular from A. on C radiu 


draw the departure, then will the figure be projette 
WE HEL OF | diff. 


— ane OO — — — —— —ü . U‚à—ö. 


% 
8 


T 


ſails in ſhould be the firſt 


Making the diſtance radius 
find the diff, of latitude. 


s radius = 


„diff. lat. 258'.g = 2.20111 


e 


N. B. Through the whole of the projections of the 
figures in the various ſailings, the quarter the ſhip 


Lat. ſailed from 42%.g0/N 
Dif. lat, 158.9--60=2 398. 


thing drawn. 


FIRST, xy CALCULATION. 
to, Making the diſtance radius to 


go? — — 


diſtance g 286 2.45637 
S. com CO, 332.45 9.74474 


find the departure, 
As radius 900 = o. 
diltance=286/ = 2.45697 
: S,cour, = 562.15 =9 91985 


departure 2g7/.8= 2.37622 


Making the departure radius 
to find the departure. 

As ſec: co. cou. 33045 = 191985 
diſtance =286/ = 2.45637 
radius = 90? = 10 


.. depart. =237/.8= 2.97622 


E. Waking the departure radius 
to find the diff. of lat, 
Wis ſe.co.cou.33%45' =T 91985 
which diſtance 286 2.45097 
ord ( EWA cole Mak bo 
ing th ; — 
court diff. lat. 158/.9= 2.20111 
-/ — 
„ling the diff. lat. radius to 
2 find the diff. of latitude. 
| \s ſec. cour. 50.15=T.74474 
mann diſtance 286 = 2.45637 
on Cl : radius = '90'= 10 
-ojette 5”. www 


” CHE, lat. 158'.g9= 2.20111 


Making the diff. lat. radius to 
find the departure 

As ſec. cou. 56215 = 17. 74474 

diſtanceg 286 2.45637 

tan. cour. 56. 1822 10.175311 


W departure 237.8 =2.37622 
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A GENERAL RUlLst to be obſerved in working h 


inſpection, ſhould the length of the ſides be great 
than the table will admit of, 


Lat. 


R U . E. 

Divide the ſides by any number which will produc 
a quotient of each, to come within the table when great 
always obſerving, Ibould you want to know the lengl 
of any particular fide, vou muſt muliiply the require 

fide by the fame number you divided by, and it FIR 
give the true length of the lide required. 


Maki: 

SECOND-erv INSPECTION U radiu 
From the difference of latitude and departuFe tab * | 

; I. cou 


OE . 


With the given courfe and diſtance ſeek in the 
ble againſt which ſtands the diflerence of latitude an 
departure as required, Thus at the bottom of the u 
ble I find 5 points, or 8 W by W. and againſt th 
diſtance” 286 ſtands 237.8 departure and 158. .9 latitud 
as required. 


Anſ. Latitude in 399.1“ N. departure 237.8 W. W Witt 


u will 


Gepar 


SEC 


* depa 
. EV 1 
Courſe and difference of latitude given, NE b 


Diſtance run and departure required. 


A ſhip fails NE by N. from 369. 30 North latitude 
into 499. 2a! North, What diſtance hath ſhe run an 
what departure hath ſhe made ? 

| | 400. 200 


4277 


ture C 


al. Diſt; 


T hy 


cal Lat. from 4090, 200 N. 


Lat. in 36. 30 N. 
3. 80 
60 
oduce F 
"AE! 220 diff. 
engl 2 i 
june 
it FIRST BV 


) N; 


tab| 


s radius= 90 © 
diff. lat. =2g0=2.36173 
I. cou. 33. 45/ =9.82489 


depart. 153 7= 2. 18662 


he. t 
de an 
he t 
ſt the 
atitud 


SECOND, 


R U 


W. 


E 


lat. 


CALCULATION... 


Making the difference of latitude radius to find the 
departure and diſtance, 


As radius= 909 o 
„diff. lat. =290=2.30173 
. ſec. cob. 3345 =10.08015 


.. diſtance 276.62. 44188 


>Y INSPECTION. 


L E. 


With the courſe and difference of latitude given, 


u will find agaiuit their proper columns the diſtance 


ad departure required. 


Thus at the top of the table I find g points equal 


latitud 


NE by N. and againſt each fide of 2go latitude I 
d 957 in the diſtance column, and 153.9 in the de- 
twe column as required. 


run ann. Diſtance run 276.6 miles, and departure 153-7 miles. 


©, go 


CASE 
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C A 8 E IIId. 
OVA | ſound 
Difference of latitude and diſtance run given, W the b 
Courſe and departure required. Thus 
A ſhip from 269. 217 South latitude, fails betwe latituc 
the South and Weſt 180 leagues, into the Jatitude their 
299. 2“ South, What is the courſe, and how far ly ich ft 
ſhe departed from the meridian? 3 
uf, Ce 


Lat. in 249%,02' S. 
Lat. from 26 21 F. 
l . * TR . 


Diff. lat. 2 41 goo %, $80 Dig 
60 „ 1 


oy py A ſhi 
23)161- miles. : — 
| | 8 | 

53:66 leagues.. ho 9 

= 00 -- 


FIRST By CALCULA TI O \Wtrom 


Make dif, lat. rad. to find cour. Make the diſt. rad. to find 
As di ff. lat, =53.661=8.27035 As rad. = 900 = 

rad. = 900 = 10 | -+ diſt. => 1801. = 2 
„ diſt. 180l. = 225587] J. cou. 72.99 = 4.9 


if. lat. 
FIR 


T Sec.cou=72%39'=10.52562]| .- depart.=171.81= 2.2} 


SECOND Y INSPECTION, 
r depar. 


With the diſtance and difference of latitude given, | n. cou 
in the tables, and adjoining to it ſtands the depar! 
Bi | * 


( 9 ) 


ich. if. leſs. than the difference of latitude the'coutſe 
ſound at the top, but if greater the courſe is ſound 
ren, the bottom. 


Thus with 180 the diſtance, and $53.66 the difference 

latitude, in the table they are ſound to agree nearly 

their reſpective columns, over 64 points againſt 

ich ſtands 172.9 the departure, which is as near 

this table will admit of. | 

ul. Courſe S. 729. 39“ W. or WSW. 1 W. nearly; 
departure 177.8 leagues, W. 


C A 8 E IVth. 


40 Difference of latitude and departure given, 
Courſe and diſtance run required. 
A ſhip from a port in Jatitude 18. 40 N. is bound 
a port in Jlatnude 219. 06“ N. and her departure 


108 leagues Eaſt. What is her courſe and diſtance 
her defi: ed port ? | 


it to 219, 06“ N. depar. 108 leagues. 
O \Wt from 18 40 N. og Et tg 


2 26 EN 324 miles, 
0 60 


” WE EF WF 2 OE A 


e . 246 miles, 
FIRST »y CALCULATION, 


ake dif. lat. rad.to find the co. Make diſt.rad. to find the diſt, 

diff. lat. = 146 = 5.83565|As ſ. cou. 63. 45 =0.04012 

O NY rad. = go = 10 +. depart. = 324 = 2.51054 
depar. = 324 = 2.51054!:: rad. = go? = 10. 


ven, tan. cou. 6529.45 '=10.34619] ++ diſt, = 355-4 = 2.55066 


part e 


wall | N. B. Having 
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N. B. Having worked the three laſt caſes by i 
ſpection from the points, I now make choice of giyin 
one or two examples from the table of degrees, 


SECOND By INSPECTION. 


I, L E. 


With the given difference of latitude and departur 
ſeek in the table, againſt which you will find th 
diſtance, and the courſe will be found as in the laſt caſ 


FI 


laking 


« diſtan 
radius 


; depar 


. cou 
Thus with 4 of 146 = 73 latitude, and & of g24 
162 departure, I look in the table 'till they agree | 


their reſpective columns, which they do nearly owe. cour 
66 degrees, againſt which ſtands 17s diſtance, whid 
being doubled gives 356 nearly as by calculatfon, 
Anf. Courſe N. 65*.45/ E. or NE by E. 2 E. near 
diſtance 355-4 miles. 
8 83 Vth. X 
Diſtance run and departure given, SEC 
Difference of latitude and courſe required. 

A ſhip ſrom 29. 36” North latitude, fails between wWün 
the South and [Eaſt 280 leagues, and made gg league, am 
Eaſting, What is her courſe, and what latitude 32 
ſhe in? hich if 

top, b 
Thus 
ey are f 
der 2c 
lich is 
Anſ, C 


FIRS 


C97 3 
FIRST BY CALCULATION: 


laking the diſtance radius, to find the courſe and 
difference of latitude. | 


; diſtance==280l, = 7.55284|As radius go = o | 
radius = 900 =10 -.» diſtance = 280l. 2. 44716 
; depart, = 95l. = 1.97772]: : .co.cou,=70910==9.97344 
. courſe 199. 50/ =9.53056| +» diff. lat. 269.41. = 2.42060 


324: 
ree | 
Ove 
whict 
ON, 


early 


b. courſe 70 10 6 0)7910.2 


Diff. lat. 13 10 8. 
Lat. from 2 36 N. 


Lat. in 10 34 8. 


SECOND BY INSPECTION. 


| "OED © : 


With the given diſtance and departure ſeek in the 
ble among the degrees 'till their reſpective columns 
ree; adjoining to it ſtands the difference of latitude, 
hich if greater than the departure the, courſe is found 
top, but if leſs at bottom. 


tweet 
eague 
1de 


Thus with 280 the diſtance, and 95 the departure, 
ey are found nearly to agree in their reſpective columns, 
der 20 degrees dare which ſtands 26.1 latitude, 
hich is as near as the table will admit of. 


Anſ. Courſe S. 199.50! E. Lat. in 10%. 34“ ſouth. 
K CASE 


RS 
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C A 8 E | Vlth. | ; Thus 
Courſe and departure given; diſtance run, and die. 2x 
rence of latitude required ? [tance 


A ſhip from 19. 11“ ſouth latitude fails NEA E. until | Anl. 
departure is 120 leagues. I demand the diſtance m 


and the latitude arrived at ? 120 Fx: 


A ſhi 
Iles ; 
re has 


Anl. 
77.8 n 


FIRST MN CALCULATION 
Making the diſtance radius to find the diſtance an 


difference of latitude. Aſh 


As ſ. cou.=479.49' =0.13018]As radius=go®. = o to the 
.. Depart.=1201, ' 2.07918. Diſt. 161, 9= 2. 2% ed, 
: Radius 290. 210. : ſ. co. cou. 420. 11 = 9.82 Anf. 
Diſtance 161.91. . 2.20936] ., Diff. lat. 108. 7 2.096, Mare. 

: A ſhi 
610) 326. 1( he nort 
atitude 
Diff. lat. 5.26 N. hat de] 
J at. from * nf 
: 4.15 N. 3-66 n 
SECOND by INSPECTION! 
R U L E. erſelf i 
With the given courſe and departure look in the tab ad wha 
of points, againſt which in their reſpective columns flan Anl. | 
33 2 


the diſtance and difference of latitude. 


Th 


di 


itil h 
E Til 


ON. 


he tab 
ns lan 


Th 
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Thus, with the courſe 48 degrees and 120 depar- 
re, againſt which in their reſpettive columns is 162 
ſtance, and 108.4 diff. of latitude. 


Anſ. Diſt. run 161.9 leag. Lat. arrived, 49.15 N. 


ExERC1SING EXAMPLES in PLANE SAILING. 
A ſhip from the latitade of 59.29/S. ſails SWbyS. g20 


les; what latitude is the arrived at, and what depar- 
re has ſhe made from the meridian ? 


Anſ, Latitude arrived at 99.46'S. and ſhe has departed 


27.8 miles from the meridian, 


A ſhip-ſails SW by. S. from the latitude of 509 N. 
to the latitude of 499.08“ N. what diſtance hath ſhe 
led, and how far has ſhe departed ſrom the meridian ? 
Anſ. Her diſtance failed is 62.54 miles, -and her de- 
arture from the meridian is 34-75 miles. 


A ſhip from the latitude of 479. 20“ N. ſails between 
e north and eaſt 98 miles, and then finds herſelf in 


inde 489.42 N; what courſe has ſhe ſteered, and 


hat departure hath ſhe made ? 


Anſ. Her courſe was N. 33?.:2/ E. and her departure 
3.66 miles. 


A ſhip from latitude 489.2“ N. fails between the north 

nd weſt until her departure is 54 miles, and then finds 
erſelf in latitude 492.547 N; what courſe did the ſteer, 
ad what diſtance has ſhe run? 


Anſ. The courſe ſteered was NW by N. nearly, that is 
. 23%.227 W. diſtance 98.18 miles. 


K 2 A ſhip 
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A ſhip from g29.25/ north latitude, fails between the 
north and weſt 496 miles, until her departure is u 
miles; what courſe has ſhe ſteered, and what latitude 
the arrived at ? 


Anſ. Her courſe ſteered was N. 3569. 10 W. or NY 
by W. and her latitude arrived at 37.01“ north. 


A ſhip from the latitude of 40%, 10“ N. ſails NE by 
Nà E. until her departure be 33 miles; I demand the 
ditance ſailed, and the latitude the ſhip is arrived at? 


Anſ. Her diſtance failed 55.39 miles, and her Jatitude 
arrived at 400.54“ N. nearly. 


— 


On TRAVERSE SAILING, 


DEFINITIONs and PRINCIPLES. 


iſt. A traverſe is deſcribed by a ſhip's ſailing on ſeven 


courſes. 


2d. Reſolving a traverſe, is reducing ſeveral courſe 
into one, and finding the courſe and diſtance, &c. of 1 
(when ſo reduced) by rettangled trigonometry, 


RULES for delineating a TRAVERSE. 


1ſt. Draw new meridians through the extremity 0 
every courſe, (parallel to the firſt meridian); then lay i 
the courſe and diſtance as in plane failing, and eve!) 
courſe and diſtance will repreſent a plane ſailing queltjon 


2d. Ia 


2d. ] 
ourſe 1 
nd the 
eeding 

3d. I 
lartne! 
darallel 
iltance 
he ſhip 
liſtance 
eridia 
n the t 


Henc 
ourle l 
the ce 
um is t 


DIREC 


© 


et. - 1 
orthins 
hich v 


2d. I 
epartut 
hereto 
ave ſal 
nd whe 

85 ſou 
uy hay 


1 


ad. Lay down the quantity of the angle, (after the firſt 
ourſe is drawn between the point next to be laid down, 
ad the point oppoſite the courſe laſt drawn, ) and fo pro- 
 NViſWeeding till the whole is finiſhed. 


34, Having a circle deſcribed and divided as the 

; lariner's Compaſs, you may draw the ſeveral courſes 

VE Mrallel to the rhumbs in the compaſs, then lay off the 

d 8: ances ; which being done, a line drawn from the place 

t' e ſhip departed from to the place ſhe arrived at, is the 

titulMWiliance; and the angle which this line makes with the 
eridian, is the direct courle; the ſame to be underſtood 
n the two former methods. 


_ JJ RR, 


Hence the difference between the point oppoſite the 
G. urſe laſt laid down, and the angle the next point makes, 
the courſe drawn, if tending contrary ways; but their 

um is the courſe when tending to each other. 


— * _— 


ſeveral 


DIRECTIONS for working TR AVERSES by the Table 
-ourles of Difference of Latitude and Departure. | 
| of lt 
iſt, Draw columns for the courſes and diſtances, 
orthing, ſouthing, eaſting and weſting, as per table, in 
hich write down each courſe and diſtance ſailed. 


% ed. Look into the table of difference of latitude and 
mY Weparture for each courſe and diſtance, and agreeable 
K p hereto inſert it in the traverſe table, as you might 
ood are ſailed either in the NE. NW. SE. or SW. quarters, 
elle when you have finiſhed the whole, add up the norch- 
d. Lys, fouthing, eaſting, and weſting, according as you 
uy have ſailed. 
K 3 gd, 
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gd. Should there be northing and ſouthing (in the 
traverſe table) ſubtratt the leſs from the greater, as a0 
do the like reſpecting the eaſting and weſting, it wil 
then give you the whole true difference of latitude and 
departure. 


A — 0 — — 


EXAMPLE in working TRAVERSES. 


Suppoſe a ſhip ſails on the following corrett courſe, 
(viz.) SW. 70!, SSW. 46/, then due ſouth 50%, ani 
laſtly, S by E. 42 required her whole true difference d 
latitude and departure? | 


Having drawn the traverle table, and wrote in it each 
courſe, (viz.) SW. 4 points or 43 diſtance 70“, ther 
SSW. 2 points or 229. go/ diſtance 46/7. &c. & c.— loch 
into the table of difference of latitude and departure forl 
points or 459, and againſt 70 in the diſtance column, you 
will ſind 49.5 latitude, and 49.5 departure, which inſen 
in the table under the ſouthing 49.5 for latitude, and 
under the weſting 49.5 for departure. Again, ſeek ſors 
me, or 229.30/, and againſt 46“ the diſtance you wil 

ave 42.5 lat. and 17.6 depart. which alſo place in the 
traverſe table under ſouthing 42.5 for lat. and under the 


EX/ 
A ſbi 


hen {a1 
45, and 
liltance 
our ſes 


weſting place 17.6 for the depart. &c. &c. 3 

N. B. Should any of your courſes be due nortiyiſhe cho! 
eaſt, ſouth, or weſt. in that caſe you place the diſtancyWaſs the 
ſailed, if north, under the northing column, if ſouth F 45 d 
under the ſouthing column, &c, and when failing in ne, an 
NE. quarter, you muſt ſet the latitude under the nor for | 
ing, and the departure under the eaſting; but if ſailingWir's p. 
in the SW. quarter, you maſt place the latitude undeWlice dr 
the fouthing, and the departure under the weſting ich a c 
lumns, &c. &c. ever obſerving to place latitude eithehe ſhip 
under the northing or ſouthing columns; and departu hen a 


under the eaſting or weſting columns, according to Me mer 
quarter of the compaſs which you may have ſailed in. 
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1 the II. EET. j b 
0 a . Points. Diſt.] N. ing. Sang. E.ing. bans. 
* SW, 4 A 
SSW. 2 46 | —— | 42.5 | —— | 17.6 | 
South. 0 50 50.0 — | 
Diff. Tat. [18,2 | 8.2 | 67.1 
rf 8.9 
urſes, 
„ and Depart. | 58.9 | 


EXAMPLES in TRAVERSE SAILING. 
A ſhip in the channel ſets the Lizard NE. 4 leagues, 


for hen ſails SW. 50 ieagues, then SW. by S. 42, then S. 
n, youll, and laſtly SSW. 56; what are the bcar.ngs and 
inſenhance, and what latitude is the ſhip in, ſi ppoſing her 
85 andi our ſes corre ? 


pu Will To PROJECT the FIGUR E. 
ler the R U L E. 


Draw the meridian or north and ſouth line, and with 
he chord of 60 degrees deſcribe the quarter of the com- 
als the ſhip ſails in, on which from the meridian ſet 
f 45 degrees for the SW. courſe, and draw the diſtance 
ine, and on it ſet off 54 leagnes (4 leagues being allow- 
d for the back bearings of the Lizard) which is the 


ſailinip's place at the end of her firſt courſe: From this 

undeſſhace draw a new meridian parallel to the firſt, and again 
ng * ith a chord of 6o degrees deſcribe an arc in the quarter 
eithe 


he ſhip ſails in, and make the centre the ſhips place 
When at the end of her firſt courſe) on which arc, from 


ie meridian ſet off 330.45“ for the SW by 8. n 
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and draw the diſtance line, and on it ſet off 42 league, 
and it will be the ſhip's place at the end of her ſecon{ 
courſe. Proceed to draw a new meridian as before 

on which ſet off 45 leagues for the diſtance, as the ſhi 

ſailed due fouth, it will be her place at the end of her 

third courfe ; continue the fouth line for a new meridian, 

and ſweep an arc (of 60 degrees from her place at the Diff. 
end of her third courſe) in the SW quarter, and ſet of MW Lat. | 
220. go“ for the SSW. courſe, then draw the diſtance line, 
and og it ſet off 56 leagues, and it will be the ſhips] Lat. i 
place at the end of her fourth and laſt courſe. Now u 

find the bearings and diſtance of the Lizard, draw a line 

from the Lizard to the ſhip's place, which line will be 
the true diſtance from the Lizard, and the angle it make 
will be the bearing. 


Anſ. 


agues, 


Tus TRAVERSE TABLE A ſhip 


prrectec 


"LOUIS Fo. -- Diſt. in|;. ; | Ealt- | iles, S 
corrected. Points.] fe ue: Ning. nt ing. W.ing titude | 
| SW. | 4 | 54 — 4 38.2 —_ 38.2 | Ice ma 
SWbyS.| 3 42 | — | 549 — 233 Ant. 1 
South. 0 45 | — 145. — — 91 

| SSW. 2 56 — | 51-7 [— 1 214 
| 169.8 | | 32.9 WM A ſhip 
Diff. lat. Depar*"ng. 
ſive di 
Mak. diff. lat. rad. to find cou. Mak. dif. rad. to find the di. and 1 
Leag. | equired 


As diff. lat =169.8=7.77006|As S cour, =269.01 =0.357% 
wy ' JT? A i * .. Depar. = 82.9 1.910% An. 7 
:: Depart, = 82.9 =1.918z5|: : 22 = 90 =i0. arly, d 


+» Tan, cour,26,01=9.68861|., Diſt, = 189 2.2764 
Lea 


es, 
nd 
lore, 
(diy 
ber 
dian, 
t the 
et of 
line, 
(hip's 
JW t0 
a line 
ill be 


makes 


prrefted courſes, viz. SW by W. 45 


— — — — 
— —— 


— \ -Y/] 
Leag * N 
169.8 ER” N 
3 \ £ 
3 
6.0) 50,9 4 th... : 1 
Diff. Lat. 8.29 8. T 7M 
Lat: Liz. 49.58 N Rs 
| e ID & 
Lat. in 41.29 N. Z 
SEA 0, 
+ 1 


Anſ. The Lizard bears N. 260.01“ E. diſtance 189 
agues, and the ſhip is in the latitude of 419.29 N. 


A ſhip from latitude 249.2“ N. ſails on the ſollowing 
miles, ESE. 30 
les, SW. 3o miles, and SE by E, 60 miles: What 
itude is the arrived at, and what is her courſe and diſ- 
ice made good ? | 


Anſ. Her latitude arrived at 229.53' N. her courſe S. 
9.19 E. diſtance 105.5 miles. 


A ſhip from latitude 109.38“ N. is bound to a port 
ring SW by S. diſtance 282 miles, after three ſuc- 
live days of bad weather finds herſelf in latitude 39.38“ 
and 120 miles to the eaſtward of her intended port: 
equired her courſe and diſtance to the ſaid port. 


Anl. The courſe is N. 35. 56 W. or NW by NAW. 


arly, dillance 204.4 miles. 


ON 


„ 
Ox OBLIQUE SAILING, 


Et. n 
W. m 

I T is the doctrine of oblique trigonometry, and it oi: Wt.r 
applied to the meaſuring of * objects. 

Two ſhips failed from one port, one NW by N. 31¼ _ 
the other between the north and eaſt 947.65, when hy 
obſervation they were in one latitude ; What was the 
eaſtermoſt ſhip's courſe, and the diſtance of the ſhips? 

To PROJECT the FiGURE. 
R U L 2. s Wt. 

Wich a chord of 60 degrees ſweep the ſemi. cicch 3 
WNVE. let C repreſent the place from whence the 2 fbU * e 
failed, then will NW. be the north wefl, and NE. beth The: 
north eaſt quarters; from N. towards W. in the non 185 
weſt quarter, ſet off 339.45, which is the weſtern An. * 
ſhip's courſe, draw the line CS; and on it, (from aid thei: 
ſcale of equal parts) ſet off 51.2/ miles from C to! 
her diſtance, then parallel to WCE draw, Sf, and ſro , ſhix 
C with 94.65 miles, from the ſame ſcale of equal pai by N 
uſed before, cut Sf at ſ in the north eaſt quarter, (is is 
two ſhips being in one latitude) then is Sf their u 
diſtance, and the 4-NCſ the eaſlermoſt ſhip's true cou; pac 

| the 
N 
. Two f 
urſe, t 
dre N b 
F e ſouth 
: Anſ. 1 
W 8 utherm 


ung an 
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; Ft.moſt ſhip's diſt. run 94.6528 02388 
W. moſt ſhip's ſ. co. cou. 56%.15=9.91985 
Wi. moſt ſhip's dif. run 51. 288 1.70927 


ry 


| it y 


Et. moſt ſhip'sf. co. cou. 26 44=9.65300 


5 1. 90 

en by — 

as the 63.16 Et. moſt ſhip's courſe. 
ps! 33-45 


9. oi The L both ſhip's make. 


Is Wt.moſt ſhip's f. co. courſe 569.15' =0.08015 
Et. moſt ſhip's diſt. run 94'.65 =1.97612 
The L both the ſhips make 979.01' =9.99673 


- circh 
2 {hig 
be th( 
nor 
ermd 
m an 


C to! 


Their diſtance 113=2.05300 
Anſ. The eaſtermoſt ſhip's true courſe, N. 639.16/ E. 


d their true diſtance 113 miles. 


a A ſhip on a NE by N. courſe, ſaw a-head land bearing 
al pay by N. after ſailing 96 miles, it bore W by S. What 
er, Mis its diſtance at each time of ſetting it ? 

eir u 


Anſ. Its diſtance at firſt obſervation was 66.52 miles, 
d the ſecond 86.91 miles. 


coul 


Two ſhips part company at ſea, one ſails on a SE by S. 
urſe, the other ENE. eight miles, at which time they 
ire N by W. and S by E. What's their diſtance, and 
e fouthermoſt ſhip's diſtance run? 


Anſ. Their diſtance aſunder is 20.5 miles, and the 
uthermoſt ſhip's diſtance run was alſo 20.5 miles, it 
ng an iloſceles triangle. 

Two 
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Two ſhip's part company at ſea, one fails SW by 8 


36 miles, the other SSE. 29 miles: What's their bearing 
and diſtance? © 


Anſ. They bore W 59.45/ S. and E 59.45! N. di 


tance 31.26 miles. 


other y S. after three quarters of an hour's fail at| 
knots, the firſt bore ENE. and the other 8 by 
What's their bearings and diſtance. 


Anſ. They bore S. 419. 20 W. and N. 419.20! 
diſtance 7.411 miles. 


Ox PLYING to WINDWARD 


IT is when a ſhip, veſſel, &c. fails on various cou 
ſes, owing to contrary winds, by means of which th 
mariner is obliged to ſteer different ways to get! 
windward ; and it is the application of oblique nig 
nometry. 


The wind at NNE. a ſhip is bound to a port bearig 
NE by E. diſtance ga miles, propoſes to reach her pd 
at two boards, but can lie no nearer the wind than 
points: What's the diſtance of each courſe ? 


_— WNW. I ſaw two capes, one bore N. th 
b 


Wit! 
nd let 
ation, 
rom N 
rom N 
Mere 


Ind we! 


nd dra 
7 
nd CI 


ourſe, 


by 8 


2Aarin ! 


J. dil 
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To CONSTRUCT the FIGURE. 


:. 


With a chord of 60 degrees, ſweep the circle NESW 
nd let C repreſent the place of the ſhip in her firſt 
ation, draw the NE by E. line CP equal to 569.15/ 
rom N. on which ſet off 92 miles from C to P, then 
om N to V, ſet off 229.30“ equal to NNE. then will 
IW.repreſent the wind; again from towards the eaſt 


nd weſt each way, ſet off 64 points equal to 709.19/, 


nd draw. CA and CB, and parallel to AC from P draw 

B, then will the £4 C. be equal to her firſt courſe, 
nd CB her firſt diſtance; alſo the LB her ſecond 
ourſe, and BP her ſecond diſtance. 


— ä — 
— — 
2— 7 .. 6 K 
— — = 
—— — E re LT 2 - N 


9 — „ 1 
— — — - — 
— —— * — _ Y 4 
K TELNTDS SEES 5 Os 


= — — — — 
— — — — —— 
ne \ Sw. ye. "EPS GIO — 2 
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As SCB 39% 22' = o. 19 772A SEB 39% 22/ = 0.1931 
„ .o CP. *g2* = 
:: SEP 1049.04 = 9.98678]: : 34 = 9.775 


/ Aa | 1 89 
Ty 48.94 = 1.6896;].. ov = 1.4779 


— —— — — — — 


Anſ. She muſt fail EAS. 48.94 miles with her larbo; 
tacks on board; NWz3W, 30.06 miles on her ſtarboy 
tack.” | | 


Wind SW by W. a ſhip ſails 20'.9 on each tack, an 


gets 16 miles to windward : How near the wind did 
lay, and what was her courſe; her firſt was with u 


Jaiboard tacks on board ? 


Anſ. She ſailed within 6 points of the wind on end 
tack, viz. her firſt courſe was NW by W. with he 
larboard tacks on board, and her e courſe 8 by 
with her ſtarboard tack. 


Wind SSW. being on my ſtarboard tack, I met 
ſhip that had failed from the port I was bound to N 
by E. 120 miles; the next day I fell in with anothe 
mip, that had run 164 miles with the wind one poin 
abaft the beam, from the ſame port: What was m 
courſe and diſtance between meeting the two {hips, 
lowing the wind the whole time to be SSW, ? 


Anf. My courſe was S 319.45 E. diſtance 116 miles 


Wind S by W. a ſhip ſails within 7 points on be 
larboard he 25'.5 . then tacks and makes h 
way good at 64 points from the wind, and falls in wil 
an iſland that bore SW by W. from the port ſhe faile 
trom : What is the diſtance of the iſland from the po 
and place of tacking ? 


Anſ. The diſtance of the iſland from the port u. 
13.63 miles, and from the place of tacking 16.06 mile 
0 


ON 


A cu 
oving 
nd it « 
ſhip 

rrent, 
s the d 
urſe « 
rd her 
ithout 


ut {hot 


r app: 
city, 
Ine tr] 


To fi. 


Take 
d with 


pe fafte 


$0, 94 


dat will 


ave th 


rent { 
ew the 


A curr 
5 Eaſt 


dion ? 
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Mos CURRENT SAILING. 


A current is a ſtream by means of which all bodies 
oving thereon are compelled to ſubmit to its motion, 
nd it often alters a ſhip's apparent courſe ; but ſhould 
ſhip fail in a direct courſe with the fetting of a 
rrent, it will accelerate her failing by juſt ſo much 
s the driſt of the current; or if ſhe fails in a dirett - 
uſe oppoſite to the current's ſetting, it will re- 
rd her failing by juſt ſo much as the current's driſt, 
thout altering her courſe in either of the above caſes ; 
ut ſhould ſhe ſail athwart a current, it then alters 
r apparent courſe and augments or leſſens her ve- 
city, This ſafling is the application or doctrine of 
ne triangles, 


To find the drift and letting of Currents. 


Take a boat at ſome little diflance from the ſhip, 
d with a heavy iron pot or loaded kettle, with a 
pe faſtened to the boat's ſtern, let it ſink into the ſea, 
80, go, or 100 fathoms deep, by which means the 
at will ride as ſteady almoſt as f at anchor, then 
ave the log and it will give the miles which the 
rent ſets per hour, and as the log bears it will 
ew the current's ſetting. 


. 


e ſail current runs Weſt 64 knots per hour, and a ſhip 
's Eaſt 64 knots per hour. What is her compound 


dion ? 
Ls Weſt 
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Weſt 6.5 
Eaſt 6.5 81 
FP Sh 
| a fo 
Anſ. the Ship continues in the ſame place, 
A ſhip ſails NNE. 8 knots per hour, in a curren 
ſetting SSW. 4+ per hour. What is her compoun 
motion, | 
Ship ſails NNE. 8 knots. 
Current SSW. 43 _ of. h. 
Anf, the ſhip's motion g knots per hour, NNE. 
A ſhi 
A ſhip in a light breeze of wind fails g hours dude 
4 knots per hour, at which time they ' diſcovered nd falls 
current had ſet NE. 64 knots per hour. What! it. M 
her courſe and diſtance. «+» | the | 
Ship fails Current ſets 3 hours. | 
SW. g hours, NE. 64 > "a 
4 knots. — 


NE. 191 knots. 
12 knots SW. SW. 12 knots, 


NE. 7.5 
Anſ. She dropped aflern NE. 57.5 miles. 


A ſhip. fails 4 hours SE. at 74 knots in a cune 


ſetting the ſame way 24 knots per hour, What 
the compound motion ? 


Ship . current lets SE. 21 
SE. 7* knots per hour 4 
for 4 hours. 3 
current 11 8E. 


8 30 SE. | ſhip . goSE 

urrent g 

Poul 4)41 
104 


nf. her compound motion is 101 knots per hour, 
| and her courle is SE. 41 miles. 


A ſhip croſſing the mouth of an haven into which 
e tide ſets E by N. ſails from a buoy NNE. 8 miles, 
nd falls in with another buoy bearing NE. from the 
rt. What is 'the driſt' of the current and diſtance 
| the buoys ? 


To PROJECT the FIGURE. 
)t's. if $87 R- 'U 'L 0 E. 


With a chord of 60 degrees ſweep the ſemi- circle 

NE. and let B repreſent, the buoy failed from, ſet 
les MW from, N, the ſhip's courſe NNE. equal to 229.30/ 
d draw, the line B C. equal to 8 miles; ſrom N. 
t off the two buoys bearing NE equal 10 45% and 
aw Bb, then from E. ſet off E by N. equal to 
",15* and draw- B T. and parallel thereto' draw 
b. and the figure is formed. 


curre 


What 


Sh1 


1 


L 3 A 


3 


8 = 0.90309 B =# = 0.9030 
220, 30 29. 58284 2 2 ſ. CS 230.45 =9.9198 * E 


Cb = 5'.51 = . 74119] . Bb z 11.97 = 1.078 


| P 
Anſ. the currents drift 5.51 miles, and the diſtan 
of the buoys 11.97 mules... 

A ſhip ſails 12 hours South 8 knots per hour, | = b 
a current ſetting Eaſt 41 per hour. What is her couiffnude 
and diſtance correaed | A bongituc 
Anſ. Her courſe S. is 23%. 38' Eaſt diftance 104 he dep 

Sole miles. | linuatio 
| df longi 

A ſhip from 20®. 1g' South, ſails Eaſt by log 6 4 
miles athwart a current ſetting North, when by obſefſ\ AL 
vation ſhe was 15%. 24 South. What did the curre 
ſet her up, and what is her rational courſe and diſtanc 

Anſ. The current ſet her up 292' to the Northvwah The 


and her rational courſe is Eaſt 259. 41 North, d 
tance 673.7 miles, - 


Al 
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A ſhip ſails 12 hqurs SSW. FW. 9 miles per hour, 
thwart a current that ſets S by E. 4 miles per hour. 
hat is her courſe and diſtance. | 


Anſ. Her true courſe is 8. 269. 167; . diſlance 
| 148.3 miles. 


MERCATORS SAILING. 
By MERI DIONAL PARTS. 
DEFINITS O N. 


it is the application of . trigonometry, with 
his obſervation, that the meridional difference of la- 
titude bears the ſame proportion to the difference of 
longitude, as the proper difference of latitude does to 
he departure; and that the angle made by the con- 
tinuation of the diſtance, till it euts the difference 
f longitude, is equai to the complement of the courſe. 


NAUTICAL OBSERVATIONS. 


E It. 


The longitude of two places given, the difference 
. of longitude required? 


RU L E. 
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RAin 
11 0 l enn L333 TI & | 
If the longitudes are of the fame name, their dif. 
ference' is be difference. of longitude vequired of the 
like name — but if the longitudes have different name, 
their ſum gives the required difference of longitude 
and if this exceeds 180 take it from 360“ and the 
remainder is the required difference ol longitude. 


—— > — - - 2 » 3＋— — 


What is the difference of longitude between the The 


Lizard and Gibraltar ? 5 gitus 
TFT 
Lizard's long. 59. 13 W. | 
i Gibraltar's! long. 5 22a “,; If ch 


we d 
equire 
but if 
re of 
tude 
han 1 
zitude 

lace. 


Anſz o 7 miles; 


What is the difference of longitade between Portſinoutl 
1 147 and Minorca? 


Portſimouthꝰs long. 10. 6/ W. | 
Minorca's long. 3 19 E. A {1 


erence 
le in f 


Diff. of 3 2 iles. 
iff of fas. f 66 = 996, miles. 


3 * 


What is the difference of longitude between Bencoolen 
in the Eaſt · Indies and Porto- Bello in America? 


Ben- 


1 


Bencoolen's long. 1029. oo! E. 


Porto-Bello's long. 79 50 


181 30 


r dif. 360 | 


F the 
ames, 
itude 
d the 
e. 


Difference of long. 178 


C A S E IId. 


The longitude of one place and difference of lon— 
gitude given, the longitude of the other required? 


1 the 


. 


If the given longitude and difference of longitude 
ve different names, their difference is the longitude 
equired, and is of the ſame name with the greater; 
but if the given longitude, and difference of longitude 
re of the ſame name, their ſum is the required Jon- 
itude of the ſame name; and if their ſum is greater 


nou han 180? its remains from 360 is the required lon- 
ztude of a contrary name with that of the given 
lace. 
A ſhip from the Lizard ſails Weſtward 'till her dif- 
erence of longitude be 330 miles. What longitude is 
ie in ? 

Lizard's long. 59.15! Weſt. 
-oolen Diff. of long. 330 50 = 5 50% W. 
7 . Long. in 11 0g W. 


Ben- A ſhip 


E 


A ſhip from 19. 30“ eaſt longitude, ſails weſtward ti 
her difference of longitude is 210 miles: What longitude 
is ſhe in ? . 


Longitude ſailed from = 19.30 E. 
Diff. of longnude.210/ ＋ 60 = g 30 W. Swe 


om wh 


2. O W. { equal 


[ Jatitui 
aw M 
3; weſt 
om te 
75. iro 


J. th 


A ſhip from longitude 1409.24“ weſt, ſails weſlwar 
until ſhe differs her longitude 469.10' weſt: What lon. 
gitude is ſhe arrived in? 


Longitude left 1409.24 W. the t 
Diff. of longitude 46 10 W. MW... 4... 
— "wah 
586 94 on's 
360 
. Longitude in 173 .26 al. 
| — op. diff 
N. B. As the ſhip has croſſed the oppoſite meridian, 
ſhe is conſequently come into a longitude oi a different 
name, | | Mer 
| of lat; 
„ Ift, D Di 
longitu 
Latitude and longitude of two places given; their Prop 
bearings and diftance required. of latit 
1 L The 
What's the courſe and diſtance from the Lizard e The. 


Liſbon ? 


Te 
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i To PROJECT the FIGURE. 


R U Rt - 


Sweep the ſemi-circle, and let / repreſent the Lizard, 
om which draw the meridian, and on it (ſrom any ſcale 
equal parts) ſet off from /to M the meridional diff. 
{ latitude 938“ ſouth; from M, at right angles to 1M. 
aw MD, and on it let off the difference of longitude 
3; weſt from M to D, then draw the line D; again, 
om {to F, ſet off the proper difference of laticude 
73. from which draw P L parallel to M D to cut { D 
L, then will the angle made at / be the courſe, and 
the true diſtance. 


W. Whiro's lat. 400.57 N. 23470 Lizard's long. 50.1 5 W. 
8 Iibon's lat. 38 .42 N. 2522 Liſbon's long. 9 . 10 W. 
11.15 948 Mer. diff. lat. 55 W. 
— 60 — — bo b 
eaſt, | | | 
> op. diff. lat. 675 Diff. long. 235 W. 
ridian, 


M Meridional diff. 


of latitude. 


D Difference of 
longitude. 


their Prop. difference 
of latitude, 


[The departure. | 
:ard 09 The diſtance, _ 


Te 


( 190 } 


Making N. D. Lat. Radius.| Making Diff. Lat. Radiy 
As M. D. L. 2948 =7.02g19|As Rad. 99οοοõο = o. 

. Radius 1 .. dif. lat,=675 = 2.820% Co 
: Diff. long. =235/ =2.37107]: : ſec.cou,=13*55=10.0190 latitui 
Tang. courſer3®z5' =9-39426 Diſtance 695. 4= 2.842 | — | 

ong. 
lat. a 
Anſ. The courſe is S. 139.55 W. or S by W 2% of * 
Diſtance 695.4 miles. An 
and h 
What is the bearings and diſtance of Dunnoſe 2 

Plymouth. Dunnoſe lat. 509. 34', N. long. 19. 166 
and Plymouth lat. 50. 22/ N. and long. 4%.16/ W. * 
ind di 
Anſ. Dunnoſe bears from Plymouth N. 839.58'E. a An 
Plymouth from Dunnoſe S. 832.58' welt. Dil eg 
114.2 miles. _F 
Ans 


What's the bearings and diſtance of the Land“ 
and Guernſey ; Land's End's lat. 509.06 N. long. 6), 
W. Guernley's lat. 499.30! N. and long. 29.47 W. cou 

Anſ. Guernſey hears from the Land's End S. 73% at, an 
eaſt ; and the Land's End from Guernſey N. 739.49 8 Ah 


Diſtance 129.2 mules. | ſalls 88 
did ſhe 
What's the courſe and diſtance from Uſhant to C 3 
Ortegal ; Uſhant's lat. 480.29“ N. long. 59.057 W. orth, 
Ortegal's lat. 439.47“ N. and long. 72.39 welt ? 
Anſ. The courſe is S. 209.43! W. Diſt. 301.5" 
: Diſtanc 


C A 


P 
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J IId. 


Courſe, diſtance, and latitude — andenpe of 
latitude, departure, and difference of longitude required ? 


A ſhip from the Lizard, whoſe lat. is 499.57 N. and 
long. 5-14 W. fails WSWIW. 214 miles; what is her 
lat, and Jong: arrived at, and how far has ſhe departed 
from the meridian ? 


Anſ. She is in lat. 489. 55 N. and long. 100. 3ot W. 
and has departed ſrom the meridian 204.8 miles. 


C A S E IIId. 


The courſe and difference of lat. . diſtance 
and difference of long. required? 


A ſhip from a Pags. e in 40. 21' ſouth lat. and 1790 
welt 12 ſails S W by W. into the lat, of 429. g6'+ 
How ſar did ſhe ſail, — into what longitude ? 


Anſ. She ſailed 243. miles, and long. 1769.11/ eaſt. 
EFF $51: & IVth. 


Courſe and departure given ; diſtance, difference of 
lat. and difference of long, required ö 


A ſhip fails from 369. 30“ north, and 19. 20 eaſt long. 
fals SS W. until her departure is 112 miles: How far 
did the ſail, and into what lat. and long. ? 


it to C Anſ. She ſailed 292.6 miles into the lat. of 320. 3 
W. Horch, and long. 009. 55% well. 


t Vch. 


Diſtance and difference of Jatitude given; courſe, de- 
parture, and difference of longitude required. 


M | A ſhip 
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A ſhip from 419. 15“ north lat. and 269. 18“ ef 
long. ſails 85 miles between the north and eaſt, making 
64 diſſerence of lat. What is the courſe and departure, 
with lat. and long. arrived at? 


Anſ. Her courſe is N. 419. og eaſt. Her departu 
55.93 miles; lat. 429. 19“ N, and long. 279.32 


5 A 8 E. VIth. 


- Diftance and departure given; courſe, difference of 
fat. and difference of long. required, 


A ſhip from 409. ſouth lat. and +59. 21“ eaſt long, 
ſails between the ſouth and weſt 120“, making 800 de. 

ture: What is her courſe, difference of lat. and 
difference of longitude. »' 


Anf. Her courfe ſouth 410,49“ weſt ; difference lat. 
89.43, and difference of long. 104.7 miles. 


bi rg \r x deer 1A 8 KE. VIICh. 


| Courſe, difference of long. and one lat. given; 
N diſtance, departure, and difference of lat. required ? 


N A ſhip from 269. 12/ ſouth lat. and 179. 21/ W. long, 
| runs SE by E and makes 67/ eaſt Jong. What is her dil- 
tance, departure, and lat. arrived at? 


Anſ. Her diflance run 72 miles, her departure 59.86 
miles, and lat. arrived 269.52“ ſouth, 
Hor ES a. VIII. 


Differenet ef lat. and departure given; courſe, dil. 
t tance; and diflerence of long. required. 
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eal 
king 


ture, 


A ſhip from 417. 21“ north lat. and 899. 6“ eaſt long. 
ſails between north and eaſt, making 72“ northing, and 
5 caſting : What is her courſe and diftance, and Jen. 
arrived at ? 


Anſ. Her courſe N. 36.52 E. or NE by NIE. nearly, 


liftance 90.01 miles, and long. arrived at 909. 19 eaſt. 


ture 


A ſhip from 569, 15“ north lat. and 179 degrees 
eaſt long. fails NE by E. 29 miles, then NNE, 96 miles. 
then ENE. 48 miles: What is her courſe and diſtance 
made good, with the lat. and long. arrived at, ſuppoſing 
her courſes. to be correct? 


ce of 


long, 
de. 
and 


Anſ. Courſe north 509.31“ eaſt, diſtance 106.6 miles, 
at, arrived 57.23“, and long. 178%30/ weſt. 
\ . 


A ſhip from a port in lat. 50. 25/ north, and long. 
19, 20! welt, is bound to a port whoſe lat. is 969. 38“ 
north, and long. 89,45 weſt, then ſails on the following 
corrected courſes, (viz.) SW by W. tool, then W by 8. 
107/, then SW. 120/, then WSW. 80', then SW by 8. 
109“ then ſouth 70. Required her cgurſe and diſtance 
to her intended port; alſo her courſe and diſtance made 
long. Ml good upon her ſeveral courſes fleered, with her lat, and 
er dil. long. arrived at; and what courſe ſhe muſt now ſteer, 
and how far to gain her intended port? | 


59.86 Anſ. The courſe to her intended port is ſouth 139. 467 

welt, diſtance 829.1 miles, The courſe made good at 

the end of her different courſes ſteered is ſouth 499.07/ 

weſt, diſtance 538.6 miles, Her lat. and long. arrived 

ga. is 449. 33' north lat, and 149. 23' weſt long. and 

e, dil ne muſt ſteer ſouth 230. 317 eaſt, 603. miles to arrive 
at her intended port. 5 


A ſi M 3 10 
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TOUCUONSTRUCT 


A MERCATOR' CHART, 2a 

| their 

FOR ANY VOYAGE WHATEVER, dian f 

| off evi 

SA: MP LK whole 

SUPPOSE a ſhip fails from the latitude of 31 degrees 3 
north, is bound to a port that lies in the latitude of 365 

north, and it is neceſſary to make the chart conſiſt of 4th, 

11 degrees welt longitude, it is required to draw a chart WO. th. 

for it. times | 

. 1, lb 

long1tt 

1ſt. Draw AQ, or an eaſt and weſt line to repreſent Mie rig 

a parallel of the equator, and at right angles thereto aw 

from Q draw M, to repreſent the meridian of ſome ound. 

known place, as London, Paris, Madrid, &c. whoſe 10 

longitude is known. | „ 

0 con 

2d. Obſerve from the meridional parts of the greateſt Hof plac 


latitude, ſubtract the meridional parts anſwering to the 
leſſer latitude, and it will give the bounds of the chart, 
north and ſouth. Again, from the meridian ſet off on 
the equator the number of degrees you have occaſion for 
either eaſt or weſt; make uſe of any convenient ſcale 


place e 


to find 


black ] 


nd an 


tepreſe 


of equal parts, and from 51% to 96% on the meridian, 
ſet off 1251 miles equal to the meridional parts of z1* 


leſs 369, and draw Me, which will be the bounds of 
the chart from north to ſouth. 


3. Again, take the meridional parts of 36 degrees N. B 
from the meridional parts of 37 degrees, and ſet off ray an 
their difference upon the meridian from 36 to g/ degrees {Mouth la 


(which is per table 75) then take the meridional] wy 
0 


7 
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of 36? from the meridional parts of 389. and ſet off 
their difference (which is per table 150) upon the meri- 
dian from 36 to 38, and in like manner proceed to ſet 
off every degree of latitude, the chart contains till the 
whole is done; but ſhould the degrees be required to be 
divided into minutes, the meridional parts for ſuch muſt 


* be taken and ſet off as above. | 
6 of 4th. Take 60 in the compaſſes, and with one foot in 


Q, the meridian-of London, ſet off towards A as many 
times as you have occaſion for degrees of longitude, as 
11, (but obſerve, if the chart was to contain any eaſt 
longitude, you muſt ſet it off from the meridian towards 


eſent the right band fide alſo); then from each of theſe parts, 
ereto raw parallel lines to the meridian, which will be the 
ſome Pounds of the chart eaſt and well. 

y hole 


5th. Having ſet off as many parallels as the chart is 
to contain, take from the table of latitude and longitude 
eateſt Wo! places, the latitude and longitude of every particular 
o the place contained within the bounds of the chart; now 
chart, Wo find any particular place in the chart, draw (with) a 
Hon lack lead pencil) a parallel line along its latitude, 
»n for end another along its longitude, their interſections will 
ſcale Pepteſent the place upon the chart; in like manner 
idian, ay every place within the bounds of the chart. be laid 
gion: Hence the particular points of a ſea coaſt being 
ids of Formed as above, lines properly drawn. from place to 
Place, will form the out lines of that ſea coaſt, 


egrees N. B. In like manner, or on the ſame principles, 

ſet off Hay any chart be drawn, whether it contains north or 

egrees Neuth latitude, or both; eaſt or weſt longitude, or both. 
parts 8 


of 


M 3 A TABLE 


A TABLE of MERIDIONAL PARTS. 
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From 36 to 51 Degrees, for the readier 


drawing the Chart, 


—— 


— 


| M. Parts b | M. Parts| 
Degrees. Iiſes. Degrees. | Niles. 
37 leſs 36 | 75 Fr. 36t0g7} 74 | 
(38 — 30] . 250 37—38] 75 | 
39 — 36 227 38—39] 77 ET 
10 — 30) 305 39—40j 78 | 
[41 — 36] 384 49—41] 79 . 
42 — 36 464 41—42 do "ings! 
[43 — 365) 545 forthus| 42—43 8: | 
44 — 36 628 | 43—44] 83 
145 — 36] 712 44—45 84 
146 — 360 798 13-46] 86 
147 — 36] 885 46—47] 87 
(48 — 36 974 47—48 89 M3 
449 — 36] 1064 48—49] 90 | 
150 — g6| 12156 49—50] 92 
1 — g6} 1251 50—51 95 | * 
* 
— 
C 
The Cuanr Ml 
ﬀ 0 


— = wy - 
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itude, ; 

| ch boi 

The USE of the CHART. White b 

| league: 

C A 8 E Iſt. ad. oY 

Having the latitude and longitude given to prick by . 
the ſhip's place on the chart. 
d. W 

N AU „ gitude 

ference 

With a black led pencil draw parallels of latitude or p 
longitude the ſhip is in, their interſection will give Hes, th 
ſhip's place. tt into | 


ruler” 


C A S E IId. 


Having the ſhip's place given, to 2 how any plx 
bears from the ſhip. 


R U . E 


Draw a line with a black lead pencil, from the ſhip 
place to the place you want to know the bearing of, a 
obſerve what point of the compals it is neareſt to, (th 
is the point it is neareſt parallel to,) which will be d 


bearing. 
' l 
C „„ IIId. MIT 
Having the ſhip's plate given, to find the diſtand 
of any place, from the ſhip T 5x 
N | tudes ; 
R U & 7.» wdes, 


1. When the place lies in the ſame latitude the ſh! 

1s in, meaſure half the diſtance between the ſhip a: 
place, and ſei. one foot of the compaſſes in ibe ſhi 
atitude 


( 129 ) 


inde, and ſee what latitude this half diſtance will 
ch both above and below it; then the difference of 
tude between theſe two latitudes turned into miles, 
leagues, will be the true diſtance as required, 


ad. When the place lies in the ſame longitude as the 
K their difference of latitude will give the true dil- 
ICK 0 ICC. | 

zl. When the place is not in the fame latitude and 
zitude as the ſhip, with a pair of compaſſes take their 
ference of latitude in degrees and minutes from the 
ator parallel, and lay the edge of a ruler over both 
ces, then with this diſtance in the compaſſes put one 
t into the ſhip's place, and ſlide the compaſſes along 
ruler's edge, until the other foot cuts the parallel of 
ude paſſing thro' the place, and meaſure the diſtance 
veen its place and where it cuts the parallel, then 
ply this difance to the equator or graduated parallel, 
that will give you the diſtance required. 


de an 
1ve 1 


y pla 


B. In like manner may the bearing and diſtance of 

ces be found. | 

1e ſhip 
of, a 

o, (th 
be d 


MIDDLE LATITUDE SAILING. 


diſtanc 


T is ſo called from working from the middle to two 
udes; and it is moſlly uſed near the line or in tow 
udes, but Mercator's every where elſe. 


Fd 
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When the bearings and diſtance of any two plac 


are required, the proportion by middle latitude is thug 


As diff. lat 
. Radius 
: Departure 
. T. bear. or cou 


As diff. lat 
.. S. co. mid, lat. 
: : Diff. long. 
T. bear. or courſe 


or thus, 


The diſtance is found by plane failing, but the“ 
parture thus. a 


As Radius 

.. Diff. long. 

22 J. co, mid, Lat. 
Departure 


* * Laſtly, to find the difference of longitude, i 


thus : 


As f. co. mid. lat. 
. Diſtance 
: S. courſe 


. Diff. long. 


As ſ. co. mid. lat. 
Departure 

: Radius 

Diff. long. 


or thus. 


C A S E Iſt, 


The latitude and longitude of two places given; ! 
bearings and diſtance required ? 


What is the bearings and diſtance from the Lizard 
Maderia ? 


lat. 10 


Pf] 


Draw t 
es off 
rom / 
MB 
co. mi 
the 
jarture 
erence 
queſtic 
e at þ 
0 P, al 
e RM 
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Liz. 499.58“ Long. Liz. 59. 15 W. Lat. Liz. 499.38 N. 
Mad. 32 -38 Long. Mad. 17 . 06 W. Lat. Mad. 2 . 8 N. 


17 20 11 .51 482 .36 
60 | 60 | — — 
— ——— Mid. lat. 41.18 
lat. 1040 D. long. 711 | yo. 


— — 


Co. mid. lat. 48 .4e 


To PROJECT the FIGURE. 


3 | RT 


Draw the meridian MR. and from M, with go de- 
es off the line of fines ſweep an arc, upon which ſet 
om A to B 7.11, the difference of longitude ; then 
MB again from M, deſcribe another arc equal to 
co. middle latitude off the line of ps At 489.427, 
| the diſtance it meaſures from C to D, will be the 
jarture ; then from M, ſet off upon the meridian the 
rence of latitude (in like manner as in a plane ſail- 
queſtion) 1040 miles, and from R, (making a right 
eat R,) ſet off the length CD, the departure from 
0 P, and draw MP the diſtance line; then will the 
e RMP be equal to the courſe, and MP the diſtance. 


[ 


4 


— — — _ — — 
2 CT - > —__ 
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As diff. Jat.=1040 =. 25292 As rad. = 90 =o, 
IN lat. 48.4229 35589, „D. lat. = $640 =3 on 
D. long. = 711 =2.85187]: : ſe.cou. 27. 1110.0; 


.. t, cour,=279.11/=9.71063|-+ Diſt. = 1169 = 3.06 Anſ. 
Anf. The courſe is ſouth 27.11 weſt diſtance 1; 
males. 
Cor 


What's the courſe and diſtance from By River P 
whoſe lat. is 369. ſouth, and long. 5 . 40 well, t 
Iſland of St. Helena, whoſe lat. is 150. 53 ſouth, 
long. 59.49 welt. 


Anſ. The courſe is north 669.42 eaſt, diſlance 3 
males, 


N IId. 


Courſe and diſtance given; ; latitude, departure, 
difference of longitude required, 


Diſt: 


harture 


A ſhip ſrom 509,40/ north latitude, and 40. A { 
= fails SW by W. 120 miles: What's the Wongituc 
— long. arrived at? nto 16 
ongituc 
Anſ. She is in latitude 499.34“ N. and long. 42.01 Ant 
9.29 « 

3 8 E IIId. 
Courſe and difference of latitude given; diſtance, Diſla 
parture, and difference longitude required. ad dif 


A 


( 133 ) 
A ſhip from 47 v.30 N. lat. and 19.26 weſt longitude, 


ils NE by E, into 489.45“ north latitude, how far hath 
ge ſatied; and what's her longitude arrived at? | 


O. 
= 3 01) 
10.05 


. 3.0608 Anſ. She ſailed, 135! into longitude 1.22 eaſt. 
„„ anls wa mob Tiers 4 


Courſe and departure given; diſtance, difference of 
and difference of longitude required. 


A ſhip from 519.12 ſouth latitude, and 00% 26 / eaſt 
ongitude, fails NW by N. making 85 miles departure: 

hat is her diſtance run, with latitude and longitude ar- 
ved gt ;. 


er Pf 
welt, 
,uth, 


nce 9 vol 4 
Anſ. Diſtance run is 153 miles: Her latitude is 499.05 
uth, and longitude 19. 47! weſt. | | 
i 3861111 | | £ 15 
Cites A. 8 bal Vth. 
WW Diltance and difference of latitude given; courſe, de- 
arture, and difference of longitude required. 


5.2% A ſhip fm 179. 0/ north latitude, and 59.06/ eaſt 

's the Wongitude, ſails between the ſouth and weſt 105 miles 
nto 169.30' north latitude; What is her conrſe and 
ongitude arrived at 


42-01 


Anſ. Her courſe is ſouth 619.34' well, longitude in 
9.29 caſt, a | h 


Cen S E VIch. 


Diſtance and departure iven; difference of latitude 
d difference of Jagitude required ? 


N A hip 


— —ͤ—— —ꝛ—é —— -- > — 
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A ſhip from 219.30” ſouth latitude, and 19.02! wel 


longitude, ſails 105 miles between the ſouth: and ef 
making 87.5 miles departure: What is the courſe, wii 
latitude and longitude arrived at ? 


Anſ. Her courſe is ſouth £69.97 eaſt, and ſhe is j 
latitude 229.28”-fouth, and longitude g2 miles eaſt. 
SCF W-—-n e m mtꝶEz 
The difference of latitude and depart. given; court 
diſtance and difference of longitude required. 


A ſhip from the latitude of 469. north, and longitut 
219.35“ eaſt, ſails between the ſouth and weſt into th 
latitude of 449. norih, making 79. miles departure 
What's her courte, diſtance, and lougitude arrived at! 


| Anſ. Her courſe is ſouth 339. 22“ weſt, diſtance 14 
miles, and ſhe is in longitude 199.45! eaſl. 


3. WF I" 
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DIRECTIONS ron SURVEYING. 


EFF AT es RG 


To ſurvey a harbour by obſervations on the water. 


R U LES. 


iſt. Moor two buoys at commodious ſtations an 
meaſure their diſtance; from each ſtation take ti 
bearings of the moſt remarkable objefts round the ha 
bour near the water ſide, or erett ſtation ſtaves; { 


Ol 


et off 
wo ſta 
ations 
he coa 
ſkete 
hat all 
he con 


oting 


on. yo 
ke th. 
om ar 
re kno 
th the 
nes lie 
lily o 
"ther 


g rout 


88, an 
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et off on your paper the ſituation and diſtance of the 
wo ſtations, and the bearings of the objects from the 
uions; thro' the interſettions of their bearings trace 
he coaſt line from ſtation to ſtation, then ornament it with 
ketch of the appearance of the country ; be ſure 
hat all the bearings are corrected by the variation of 
be compaſs. 


21. Let the ſoundings at low water be marked with 


mall figures, the time of high water on full and change 

courleWiys in Roman figures, and the ſetting of tides, cur- 

Wents, or eddies, by darts with their points the way 

hey ſet; alfo, inſert anchors in good anchoring 
ound. 


ngitud 
1to th 


. The common inſtrument ufed in ſurveying is 


te theodolite or azimuth compals. 
e 143 


N. B. When a harbour has turnings in it ſo exten- 
Ive, that all its principal points cannot be ſeen at 
wo ſtations, moor as many buoys as are neceſlary, 
oting their bearings and diſtances, and draw them 
on. your paper) m manner of a traverſe; then 
ke the bearings of the principal points, or objects 
om any two of them, whole bearings and diſtance 
je known, taking care that the object forms an angle 
ater. With the two buoys of more than fix degrees, for when 
ach nes lie very oblique, their interſections are not ſo 

ally or truly afcertained.—Again, if there ſhould be 
bar, ſhoal, ſand, &c. each ſhould be taken by row- 
g round it, noting the courſe, diſtance, and ſound- 
gs, and inſert them in che plan, 


0 N 2 CASE 


— — _ 2 
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nce f 


oh o ſurvey a harbour by obſervations on the land, kno! 
e 
1ſt. Fix ſtation ſtaves at the moſt conſpicuous an 
remarkable points and bends of the ſhore. To t: 
ad. Chooſe a ſpot of level ground, on which mea 
ſure with great exactneſs a baſe of a convenient length, 
from the extremes thereof obſerve the bearings of each ,q x: 
object. | view 
; arings, 
34d, If any of thoſe objects ſhould not make an angle the 
of more then fix degrees, or if the harbour is too 
large to be taken ſrom one baſe, fix on another level d. 8 
ſpace, on which meaſure out a baſe from whole ex- w the 
tremes the limits of the firſt baſe may be ſeen, ot more 
one limit and a ſtation ſtave whoſe bearing was ob- 
ſerved from that limit; then proceed in taking the . f 
D N the remaining objects or ſtaves. * 
4th. More baſes may be meaſured if neceſſary, re. ſt; 
gard being had to the above directions; the diſtance 
from the limit of one baſe to that of the other baſe} Ach. N 
is eaſily known by trigonometry. * 
7 | 71 2 5th. 
- 5th. If particular parts cannot be viewed from anyWpearan 
of the ſtations, go round the parts, make fſkercheWads, ſ⸗ 
thereof, and inſert them in their proper places in the 
general draught. 7 ch. 
lore, 


6th, 1 


WS 


6th, If hills, trees, houſes, &c. intervene, the diſ- 
nce from each ſtation next that object to it, may 


known, by trigonometry. 


. 


8 and 


To take a draught of a ſea coaſt by ſailing along it. 


mes. n 
ength, 


each it. Bring too, or caſt anchor at a convenient place 

view the principal points, head lands, &c. take their 
arings, and make a rough ſketch of the appearance 

angle the coaſt. 

is too | 

r level 24. Sail in a direct line to another ſuch ſtation, no- 

le ex- vg the courſe and diſtance, during which time draw 


n, by more correct {tketch of the coaſt. 
as ob- 


18 the 


3d. From the ſecond ſtation obſerve the bearings of 
te ſame head lands, &c. as before; and if required, 


ry, ee tations may be obtained the ſame way, 
iſtance 


r baſe ch, Map the obſervations as before directed. 


3th. Againſt each part of the courſe diſtinguiſh the 


pearance of rocks, windmills, cliffs, highlands, low- 
ds, ſandhills, caſtles, &c. 


m any 
.erche 
in the 

ch. Expreſs currents, eddies, anchorage, &c. as 


lore, 


6th, I 
N 3 7th, Draw 
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2d. 4 
ar, 18 
bblerve 


- 7th; Draw a double line through dangerous ſands, &, 
and the moſt remarkable things on ſhore, or if poſſ. 
ble, two remarkable things in a direct line, that the 


channel through them may be known, by which mark it's - 
dangerous parts may be avoided. 3 
gd. / 


N. B. If you want to copy a draught, divide the whole 
into exact ſquares with a black lead pencil, then dray 
on your paper an equal number of ſquares, in ſuch pro. 


oon, 
ppear, 


"1 i ; 4th, 
portion as you want your draught, either exakt, large n 
or ſmaller, as one half, one third, one fourth, &c. in % 
each of the ſquares on your paper draw. by the eye all sth. 

r moc 


apy ſimilar to the ſquares on the draught, *till the 
whole is copied; then rub out the black lead penci 
lines with India rubber or bread. | 


elWeel 


reaſure 
6th. 


I0r1ZOn 
he heit 
ater, 


7th, 


On finding the ArPARENT and TRUE ALTITUDES0 Going 
theSUN and Moon's CENTRES; alſo the APPAREYN 

| f | 8th, 

and TRUE ALTITUDE of a FIXT STAR, with the 33 

# APPARENT DISTANCE of the SUN and Moo Wd the 

I! CENTRES, by OBSERVATIONS taken at Sea. fraftic 

| gth. 

I DeFiniTioNs and PRINCIPLES. Py 

} 1ſt. HORIZON, is that circle which terminates cher t 


view of an obſerver upon the ſurface of the ſea or eartl 


2d. APPAREN 


( 139 ) 
ad. APPARENT ALTITUDE of the ſun, moon or 


8. & 4 - 

. * ar, is an arc of an azimuth circle, as it appears, or as 
ir blerved or fneaſured between the horizon and the ob- 
* eft's centre, allowance being made for ſemi diameter, 


lip and augmentation. 


3d. APPARENT DISTANCE hetween the ſun and 


hoe oon, or the moon and a ſtar, is the diſtance which they 
dr pear, or are obſerved to have, between their centres. 
h pro- 4th. LIMB of the ſun or moon, is the external edge 
a, any point or part of their circumſerence. X 

c. in 


sth. APPARENT SEMI-DIAMETER of the ſun 


r moon, is the half of their diameter, or the diſtance 
etween their centre and the limb, as oblerved or. 
reaſured. | 


6th. DIP of HORIZON, is the depreſſion of the 

jorizon of the ſea, below the true horizon, by reaſon of 
e height of the obſerver's eye above the ſurface of the 
ater. 


eye all 
till the 
penc 


7th. AUGMENTATION of the moon's ſemi-dia- 
eter, is a quantity to be added thereto, by reaſon of her 
rowing nearer to the obſerver as ſhe riſes in altitude. 


Sch. TRUE ALTITUDE of the ſun, moon, or ſtar, 
nn arc of the azimuth circle, between the true horizon 
Noosa che object's centre when corrected for dip of horizon, 
ſrattion, parallax, &c. 


gth. REFRACTION, is a quantity always to be ſub- 

ted from the apparent altitude, by reaſon of the den- 

y of the atmoſphere, which occaſions it io appear 
ates eher than it really is, 


r eartl 10th. PARAL. 
\REN 
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wth. PARALLAX, is a depreſſion of the fun or n 1 
moon below it's true place, by reaſon of the obſerver us 
being on the ſurface of the earth above the plane, which 
paſſes through the centres of the earth and the objett, 

11th. HORIZONTAL PARALLAX, is the para j, fe. 
of an object when at the horizon, which is the greatef . f 
that can happen; becauſe the ſemi-diameter of the eat. ** 
is perpendicular to the plane which paſſes through de. Jet, 
centres of the earth and the object. 8 

12th. PARALLAX iu ALTITUDE, is a quantity 
ariſing from the horizontal parallax, which decreaſes a 
the object riſes in altitude. 

To find the APPARENT ALTITUDE of the Son! 
CENTRE, by an OBSERVATION taken at Sea, 

N. B. You muſt allow for dip of horizon and the ſun's 
ſemi-diameter, which you will find in tables for tag} - , 
purpole. waa 

FJ 

Should you obſerve the upper limb, ſubtract the f Rs 
of his femi-diameter and dip; but if his lower limb wa. "” 
obſerved, add the ſemi-diameter, and ſubtract the di 20 
from the obſerved altitude. | 

f 
E X AM y L E. — 

At ſea the iſt of April, 1786, I obſerved the meſſen the 
ridian altitude of the ſun's upper limb to be 68“. 40 obſer 
What was his apparent altitude when corrected ?—tho-dian 


height of the eye being 18 feet aboye the ſurface. 


Sun 


Em! 
un's ſemi-diam. 16/02“ Ob. alt. ſun's UL. 689. 40“. oo 


* hip of Are 4 0g | — * 05 
* | 20 .05 +Anl, App. alt. 68 199 85. 


ral At ſea the it of May, 1786, I obſerved the altitude of 
e ſun's iawer'limb to be 549.36+.g07: What was his 


* parent altitude When corretted 7— The height of the 
n mee being 21 feet above the ſurface. 
Obſ. alt. ſun's lower limb. =549.30/. go# 
antity Sun's en = + 15 54 
ſes as 
54 -46 24. 
| Dip of horizon — 4 .22 
2 Anf. App. lat. 54 42. 02 
SUN\ 9 2 e LIP 
A, 
e ſun's 
Ir that 


find the TRUE ALTITUDE of the SUN's CENTRE, 
by an OBSERVATION taken at Sea. 


N. B. You mult allow ſor dip of horizon, reſraction, pa- 
ax in altitude and ſemi-diameter ; all which you will 


d in tables for that purpole. 
. 


from the obſerved altitude ſubtraft the refraftion and 
„then add the parallax in altitude and ſemi-diameter 
he me en the lower limb is obſerved ; but if the upper limb 
$ obſerved, ſubtract the refraftion, dip of horizon and 
diameter, * add the parallax in altitude. 


E X A M- 
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E X AM P L E. To find 1 


At ſea the 1ſt of May. 1786, I vbferved the meridi; 
altitude of the ſun's lower limb to be 379. go“. go“: Wha 
was his true altitude ?—The eye being 21 feet above thy 


ſurface. 
1 Al | Subtra 
Refraction 0.67 Paral. in alt. o“. og litude, 
l Dip of hor. 4.22 Semi-diam. 15.54 tude r 
4 +58 15 ˙59 
Obſerved alt. 57. go“. go! At ſea, 
| — 04 58 7.4“. 
— h The he 
57 +25 ·32 5 
+ 13 -59 


Anſ. True alt. 57 41.31 


At ſea the 1ſt of April, 1786, I obſerved the meridis 
altitude of the ſun's upper limb to be 68.40“: Wh 
was his true altitude ?— The height of the eye was 18 et 
above the ſurface. 


Refraftion o. 22“ Obf. alt. ſun's U. L. 689. 40 ind tl 


Dip 4 -03 — 20. 
Semi-diam. 16.02 — 
— — 68 .19 3; 
Sum 20 .27 Parallax in alt. 4 00.0 | 
| —— Subtra© 


Anſ. True alt. 68 .19-3Wfrved : 
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Jo find the APPARENT ALTITUDE of a FIXT STAR, 
by an OBSERVATION at Sea. 


B 


Subtraft the dip of the horizon from the obſerved 
nude, the remainder will be equal to the apparent 
wude required. TIS, 1 


E X A M P 1. k. 


At ſea, I obſerved the altitude of the ſtar Spica, to be 
v.45“: What was its apparent altitude when corrected ? 
The height of the eye being 18 feet above the ſurface, 


Spica's obſ, alt. 479.4. 007 
Dip ö „ 400 


Anl. App. alt. 47 40 57 


100 o nd the TRUE ALTITUDE of a FIXT STAR, by 


20 2 an OBSERVATION: taken at Sea. 
19 +3 | 
1 R U L E 


— dubtract the dip of the 88 and refreftion from the 
Need altitude, the remainder will be the true alti- 
le required. 


E X A M- 


— 
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( WR 


86 8 1 n 
Fe 
At ſea, I obſerved the altitude of the ſtar Procyon 
be 509.39/.40”: What was its true altitude ?—The heig 
of the eye being 21 feet above the ſurlace. 
Dip of hor, 4'.224;, Procyon's obſ. alt. 50.390 
Refraftion 0. 47 — 34 
Sum 1 DF. . An T 3 34. 
re 
ht, I 
be 970 
Nr bean orretted 
emi- dia 
To find the APPARENT ALTITUDE of the Moox ugment 
CENTRE, by an OBSERVATION'taken at Sea. ip of he 
s. Ah eee K 
To the obſerved altitude add the ſum of her ſemi- d 
meter and augmentation, {when her lower limb is ol —— 
ſerved) and ſubtract the dip of horizon; but ſhould h 
upper limb be obſerved, ſubtract the ſum of her ſen find th 
er, augmentation, and dip of horizon, from t ny 
obſerved altitude; the remainder will be her appare | 
altitude. 
In the Engliſh Channel at noon the 28th of May, 17% > 1 
T obſerved the altitude of the moon's lower limb to * ne 
50. 30 (,. 20%: What was her apparent altitude when . 426g N 


refted ?—The height of the eye being 18 ſeet above 
1 
Moo 
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Moon's lower limb obſ. alt. 509.g0/.204 
Semi-diameter + 16.28 
Augmentation + 12 


| 50 447 0% 
Dip of horizon — 4.03 


Anſ. App. alt. 50 $42 .57 


At ſea off Bourdeaux the 12th of May, 1786, at mid. 
ght, I obſerved the altitude of the moon's upper limb 
obe 379.15'.30: What was her apparent altitude when 
orretted ?—T he eye being go feet above the ſurface. 


emi-diameter 14.47 Moon's up. limb obſ. 7D. 157. 30 
ugmentation 0. 10 — 20.11 
ip of horizon 3.14 83 
— Anf, App. alt. 36.66 · 19 
Sum 20 .11 — . 


— — — 


loo 
A, 


mi- d 
16 4 
uld h 
er ſe 


o find the TRUE ALTITUDE of the Moon's CENTRE, 


ppate by an OBSERVATION taken at Sea. 


.. I 


y. 170 
b to 
nen c 
bove 


Moo 


Find the apparent altitude, to which add the correc- 
n for reducing the apparent altitude of the moon to 
e true altitude, and it will give the true altitude re- 


red. 
O EXAM. 


* 


— 


— — 
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E X A M P L E. 5 » find 
At ſea in the longitude of Greenwich, the 22d « oe 
March, 1786, at noon, the altitude of the moon's low NE! 
limb was obſerved to be g0. go“. 20“: What was he 
true altitude, the height of the eye being 18 feet abo 
the ſurface ?—Semi-diameter 13˙. 97, her parallax 53“. 
| — V 
For hor. par. 55/.37”, alt. 300 f. tab. VIII. req. tab. 3460 
09 '97 31 46.6 
2.63552 Prop. log. 0. To the 
6365 Prop. log. for 41/3 Api 
| 9.522 9=Conſtant log. = OY 
Moon's L. L. go“. 30“. 200 ———, _ 
Semi-diam. + 15 9 2.7949 Pro. log. 17/ near 
Augmentation +, 8 
j OY | The 21 
30 $45 +37 At alt. 046% Huge 
Dip of hor. — 4.03 Reduc. for correction — 1 126540 
- an y 3 $42 Ws 
App. alt. 90 +41 434 Correction 46 Nes? 


Correction + 46.14 


Anl. 21 .27 48 True altitude. 


— N— . — _—— 


* 


I, diſt, ſu 
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+ find the APPARENT DISTANCE of the SUN and 
Moon's CENTRES, when Corretted for SEMuI-Di- 


=  _ — - - T-D 8 * 
— x 
7 — Ko — 230 - m.. 
— — I —_ — — — — 
— — - o — — — - 7 - 
" _— — Fo - 
— aac * | 


* AMETER and MooN's AUGMENTATION. 

s he 

abor C A 8 E IR, 

»| ns 

} 97 

. When the neareſt limbs are obſerved. 

v4 {2 | 
"I R U L E. | 
0 2 | 


To the obſerved diſtance, add the ſun and moon's true 
ni-diametors; their ſum will be the apparent diſtance 
[the ſun and moon's centres, as required, 


— I; » 


— 


FF” MP LE 3: 


neal 


— — 
— — 
* 


The 21ſt of April, 1786, at noon, I obſerved the 
lance of the ſun and moon's neareſt limbs to be 
*.25/.407, when the altitude of the moon's lower limb 
5 429.13/ : What was the apparent diſtance of their ; 
ntres ? | 


. —_ 
— — — — 
TEAR x 4 VRD 


Anſ. App. diſt. 91.7 .20 


' ö { 
The ſun's true ſemi-diam. 13/77 g 0 | 
The moon's ſemi-diam. 15 .33 Till 
. Augmentation 0.10 14 
1 
Wy! 
Sum 31.40 . 
I, diſt, ſun and moon's near. lim, 91.25. 40 — . 
j! 


O 2 CASE 


„ 
S A A 


When the ſun's farcheſt, and moon's neareſt limbs are 
oblerved. 


On 1 


OE So 


From their obſerved diſtance ſubtract the ſun's true 
ſemi-diameter, and add the moon's; that ſum will be the 
apparent diſtance of the ſun and moon's centres, as re 
quired. ' 


E X A MP L E. | 
The 1ſt of May, 1786, at noon, I obſerved the diſtance 


of the ſun's fartheſt, and the moon's neareſt limbs tobe 
449.30/.32”, when the altitude of the moon's upper him 
was 36.20“: What was the apparent diſtance of the 
centi es? 


iſt, TI 
arc of 
brizon, 


2d. Z E 
e arc of 
Id the Ze 


od, ME 
on the 
„ AS * 
4th. A! 
ween tl 
e weſt at 
de, and 
l and al 
Z p. 


Sth. AZ 
e azimut 
hett, and 
Wl to an 


Moon's ſemi-diameter 16/'.17” 
The moon's augmen. + 9 


— — — 


Moon's true ſemi-diam. 16.26 


Diſt. of ſun and moon's limbs 44.00. 
Sun's true ſemi-diameter © 14 +54 


4 -14 +36 
1 16 .20 


Anſ. The app. diſt, of ſun and moon's cent. 44 +31 04 
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On the Principal Angles and Arcs of Circles 


RELATIVE TO NAVIGATION. 
Me 


true 
e the 
30 re 


ſtance 

to be 
þ mtb 
tha 


it. THE ALTITUDE of the ſun, moon, or ſtar, is 
arc of an azimuth circle, between its centre and the 
rizon, as A or *A. 


zd. ZENITH DISTANCE is the co. altitude, (viz.) 
e arc of an azimuth circle between the objett's centre 
id the zenith, as HZ or & Z. 


d. MERIDIAN ALTITUDE, is when the object 
on the meridian, and is at its greateſt height for that 
y, as x H or H. 


4h. AMPLITUDE is an arc of the horizon, contained 
ween the object's centre and the eaſt at its riſing, or 
eweſt at its ſetting. Thus ) is the moon's — 
de, and is equal to an angle made by the prime verti- 
, ＋ an azimuth circle paſſing through its centre, as 
re-. 5 


e azimuth circle which paſſes through the centre of the 
hett, and the north or ſouth, as HA or OA, and is 
ua] to an angle made at the zenith, as HZ A or OZEA. 


O3 6th, RIGHT 


3th. AZIMUTH is an arc of the horizon, between 
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6th. RIGHT ASCENSION is an arc of the equator, MW 12th. 
between the ohject's meridian, and the firſt point of theMhrc of t 
ſign aries, as Ma is the-right aſcenſion of the fun, and i eircle o 
equal tothe La P. et, thi 


-th. ASCENSIONAL DIFFERENCE, is an arc o 13th. 
the equator between the next equinottial point, and tha equator 
part of the equator that is cut by the meridian, that riſe ind the 
or ſets with the parallel of declination of- the objed' 


centre, and the firfl point of aries or libra; as mo . 
the moon, and equal to P equal to the times dhe * 5 
object riſes before or ſets alter ſix o Clock. 4 Ge 

een ſai 


8th. OBLIQUE ASSCENSION, is the ſum or did hea 
ference of the right aſcenſion and the aſcenſional dilWutitude | 
ference ; that is, if the latitude and declination are dilleWhiavens 
rent ways, the ſum of the right aſcenſion and aſcenſiona earth is 
difference is the oblique aſcenſion ; and their difference of t! 
is the oblique deſcenſion.—But {hould the Jatitude an 


declination be both north or both ſouth, their differen}, 17h. 
is the oblique aſcenſion, and their ſum the oblique def“ en 
fcenſion.—[n other words, oblique aſcenſion and oblique . 5% 
deſcenſion. is an arc of the equator betweenthe firſt pon "2. 
of aries, and that part of the equator which riſes or fe en. 
with the centre of the object, on the ſurface of the ſphereM 16th. 
gth. LATITUDE of a place, is an arc of the men ee. 


dian between the equator and the place, as Z. 


10th. LATITUDE of the moon or ſtar, is an arc ofi 2 
a circle of longitude between its centre and the ecliptic 10 dar K. 


as J. 7. 18th, 
11th. DIFFERENCE of latitude is an intercepted ar PrZzON | 


SY ; el f 
of the meridian between two paralles of latitude, hic pit beg! 
can never exceed 180 degrees; or it is the neareſ! dil 
tance between two parallels of lautude. 

8: 


( 15t ) 


ator MW 12th. LONGITUDE of the ſun, moon or ſtar, is an 

tber of the ecliptic between the firſt point of aries and a 

nd isMlcircle of longitude paſſing through the centre of the ob- 
et, thus Y is the ſun's longuude. 


rc off 13th. LONGITUDE on the earth, is an arc of the 


| tha Mequotor reckoned between the meridian of any place, 
riſes Mind the meridian where longitude takes its beginning. 


14th. DIFFERENCE of long. on the earth, is an arc 
of the equator between the meridians of any two places, 
Aa, and it equals the L APa.— N. B. from what has 
been ſaid of latitude and longitude, in reſpect to the earth 
and heavens, it is evident they are very different, as 
utitude on the earth is an arc of the meridian,. but in the 
eavens an arc of a circle of longitude; longitude on the 
arth is an arc of the equator, but in the heavens it is an 
ure of the ecliptic, 


1th. DECLINATION, is an arc of the meridian 
between the equator and centre of the object, as ah, or 
m), and when it is on the north ſide of the equator, it 
north declination, but on the ſouth ſide, ſouth decli- 
nation. 


mute, &c of the ecliptic, that the ſun or moon is in at 
ay time, as . 


17th. TWILIGHT, is that medium between light 


nd darkneſs, before ſun riſe and after ſun ſet. 


18th, CREPUSCULUM, is a parallel circle to the 
lor1izon at 18 degrees below it, as Cc C, at which twi- 
ght begins and ends. 


19th, 


16th. SUN or MOON's place, is that fign, degree, 


— — 
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—— ——O—— A=____— — — - 
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— Sw X 
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19 THE HOUR of the day or night, is an arc f 
the equator counted between the meridian of the place, 
and another meridian paſſing through the centre of the 
ſun at any time. 


On finding the Sun's Declination. 


C A 8 E It. 


To find the declination for any particular hour, by the 
table of the ſun's declination ſor the meridian of London. 


Es RR 


If A.M. take the difference between the preceding 
noon and noon of the day.—If P.M. you muſt uſe the 


difference between the noon of the day and following day. 


And ſay as 24 hours are to that difference, ſo are the 
hours and minutes elapſed fince the laſt noon to a fourth 
number, which being added or ſubtracted to the degrees 
and minutes againſt the noon of the day or preceding 
noon, gives the declination as required. | 


N. B. If the declination be increaſing, you add; but 
if decreaſing, you ſubtract. 


. 


Let it be required to find the ſun's declination for the 
15th of May, 1796, at 5 in the morning, and at 3 inthe 
evening, 


For 


Anſ. ] 
in the x 
Was 19 
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* For the morning. 
ace, 14th May, dec. 189.447 
che | 15th Do. 18 .58 


Difference ..... 00 .14 


As 24 hours. 14” : . 17 hours.. 10“ nearly. 


14th May, dec. 18.44 
Difference 00 .10 


Morning's dec. 18 .54 


For the Evening. 


25th May .... 18.587 
16th Do. 19 .12 


00 .14 


— 


As 24 hours.. 14“: : 5 hours . 3 nearly. 


15th May dec. 18.587 
Difference . 00 . og 


Evening's dec. 19 . 01 


Anſ, The ſun's declination the 15th of May, 1786, at 


in the morning, was 18.34“, and at 5 in the evening, 
was 199.017 


CASE 


— n — 
_ a 
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C A S E IId. 


To find the ſun's dec. for any particular hour, by ihe 
table of ſun's dec. to anſwer any meridian. 


. 


Divide the degrees of longitude by 15, and if von 
are in weſt longitude, the time it gives mult be added 9 
the time you want to find the dec. for, but if eaſt long. 
tude, ſubtracted; having then found the true time at 
London, proceed as directed in Caſe I. 


F 


Let it be required to find the ſun's declination for the 
15th of Sept. 178z, at 7 in the morning, and at 7 in 
the evening, in latitude 45 degrees weſt ? 


15)45(3 
45 


— — 


Having divided the degrees of longitude by 13, | 
ſind the quotient g hours, to which I add 7 hours (it being 
weſt longitude) gives 10 hours the time at London; 
then I proceed with 10 hours as in caſe 1. 


For the Morning. 
14th Sept. dec. 39.120 
15th dittio 2 48 


Difference .......... 0 . 24 


Anſ. 


0 long11 
Long 


| 50“, N 


N. B. 

emi-dia1 
Many lo 
lt like i 


the 


vou 
ed to 
Ing 
Ie u. 


r the 
7 in 


15, f Anſ. The ſun's declination the 15th of Sept. 1783, 
beinah longitude 45 degrees weſt, in the morning, was 
. 30“, and at 7 in the evening 29.38. 


ndon; 


N. B. Should you want to know the ſun or moon's 
emi-diameters, or moon's horizontal parallax at any hour 
nany longitude, it is done [rom the N 

a like manner as above. 
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As 24 hours. 244: : 22 hours .. 227. 


14th Sept. dec. 39. 12“ 
Difference . 2 


Morning's dec. 2 .50 


For the Evening. 


15th Sept. dec. 2 .48 
16th ditto .......... 2 .25 


Difference . o 23 


As 24 hours .. 23“: : 10 hours.. 10/ nearly. 


15th Sep. dec. 2.48 


Difference .......... 0 .10 


Evening's dec. 2 .38 . 


autical Almanack, 


MERI- 


{ 156 ) 


Dip for 
MERIDIAN OBSERVATIONS. ſkins 


8 * 


On FIN DIN d the LATITUDE by an OBSERVAT10 
at NOON. 


N. B. In finding the latitude, you may count the fun 
ſemi-diameter at all times 16 miles or minutes, whic 
will be ſound true enough; but in finding the longitud 
it is neceſſary to make uſe of the nautical almanac, tor! 
ſun and moon's true ſemi-diameters. 


„ IR 


When the ſun or ſtar has no declination. 


. 


The meridional zenith diſtance is equal to the latituc 
of the place, for then the zenith difarice is the are I The d 
the meridian intercepted between the equator and zenit clinatid 
If the object when on the meridian be ſouth of you, f 
latitude is north, and the contrary. 
F At fea 
| be in t 


At ſea, I obſerved the altitude of the ſun's lower lin 
to be 482.10 ſouth of me, when his declination , Dec] 
nothing, the height of the eye being 20 feet above tl 
ſurface : What was the latitude ? 


( 157 ) 
Obſerved alt. =489.10 


Dip for 20 ſeet=4' 167 


Reſraction S . 51 Dip & refract.— — 
8. P 5 

5 -07 5 48.5 

- Sun's ſemi-diam. + 16 
T10 True altitude 48 21 

90 .00 

«fa Zenith diſtance 41 .39 S. 
wil Declination 00 . 00 
15 
E i Anf. Latitude 41.39 N. 


F IId. 
When the ſun or ſtar is in the zenith. 
R U 1 


The declination is equal to the latitude; and if the 
clination be north, the lat. will be north, and contrary, 


latitud 


Zenit 
ou, tl 


E. X AM L. E. 


At ſea the iſt of January, 1786, I obſerved the ſun 
be in the zenith: What was the latitude ? 


yer lin 
10n V 
Ove U 


Declination for Jan. 1ſt, 1786, is 229. 39“ South. 
Anſ. The latitude is 229.59/ S. 


D P At | 


— S * L — 
* — 
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At ſea on the 12th of June, 1786, the ſun was in the 
zenith: What was the latitude ? Reſrac 
Dip 
Declination for June 12, 1786, is 239. 12“ North, 


Anſ. The latitude was 239.12' N. 


C A ERS IIId. 


When the ſun or ſtar has declination and zenit 
diſtance. — 


F 


When they are both of one denomination, that is, | 
the object when on the meridian be to the northward o 
vou, and its declination be north; or to the ſouthward 
and its declination be ſouth, their difference will be th 
latitude of a contrary name, when the zenith diſtance | 
greater than the declination; and if the zenith diſlanc 
equal the declination, the latitude vaniſhes and the place 
ſituated under the equator : But when the zenith diſtanc 


At ſes 
dio be 
outh; th 
ove th 


is leſs than the declination, their difference is the latiud Dip 
of the ſame name. eſractic 
demi- dia 

EÜ EY 


At ſea iſt of Auguſt, 1786, I obſerved the altitude 
the ſun's lower limb to be 50. go“ north of me, the heig 
of the eye being 20 feet above the ſurface : What was d 
latitude ? 


Reſratid 


1 th : 
"Wrefraftion o/ 477 
Dip 4 -16 
rth, 
5 ·0 
2eni! 
is,! 


ard o 
1warC 
be th 
nce 1 
iflanc 
lace 
iſtanc a 
ati Dip 428“ 
Reſrattion o. 

demi-dia 16. 0 


orrect. 20 .33 


itude 
> heig 


was i! 


ſraftid 


( 159 ) 


Obſerved altitude 509.90/ 
Dip & refrattion —5 


50.25 
Sun's ſemi-diam. — 16 


tl 
—— 


True altitude - go .41 
| 99 .00 


Zenith diſtance 39.19 N. 
Declination 17 .58 N. 


Anſ. Latitude 21.218. 


At ſea, the altitude of the ſun's upper limb was obſerv- 
dio be 859.207 ſouth, when his declination was 239.267 
outh; the height of the obſerver's eye being 22 feet 
ove the ſurface : What was the latitude ? 


Obſerved altitude 850.20/ 
Correction —.21 


True altitude 84 .59 
90 00 


Zenith diſtance 5 01 8. 
Declination 23.26 8. 


Anſ. Latitude 18.25 8. 


P. 2 CASE 
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C A S E IVth. 


When the meridian, zenith diſtance, and the declination Whe 
of any object have contrary names. 


3 „ 


The ſum of the meridian zenith diſtance and decli. 
nation, is the latitude of the place of the ſame name u 
the declination. 


Add 
jeridial 
ame na 


E X A MP L E. 
At ſea the iſt of Auguſt, 1786, I obſerved the altitude 


of the ſun's lower limb on the meridian to be 619.48 
ſouth of me, when my eye was 24 feet above the ſur 
face; What was the latitude ? 


Dip 47.40? Obſerved altitude 6419.48/ 
Refraction o. o Dip and Refratt. — 5 


At fea 
n the r 
ation b 
et abo\ 


Dip 
leſractic 


5 ·10 61 43 
Sun's ſemi-diam. + 16 


True altitude 61 .59 8. 
90 .00 


Zenith diſtance 28 .o1 S. 
Declin. 17 .58 N. 


Anſ. Latitude 45 +59 N. / 
N. B. In all latitudes greater than 669.30”, the luc TB. 
does not ſet for ſeveral days together, and many ſt | 
never ſet, but tranſit the meridian below the pole as wel 
as above; in that caſe they may be obſerved upon i 
meridian twice in 24 hours. 
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R 


When the object is obſerved to be on the meridian 
below the pole. 


ation 


1 | 


Add the complement of the declination to the true 
eridian altitude, their ſum will be the latitude of the 
me name as the declination. 


F 


At fea, I abſerved the altitude of the ſun's lower limb 
n the meridian below the pole to be 70. 307, the deeli- 
ation being 229.30 N. and the height of my eye 24 
et above the ſurface: What was the latitude ; | 


[ 
Dip 4/.40# Obſerved altitude 29.50f i 
- leſraction 6.37 Dip and refraction — 11 | | 
8 8 li 
11.17 7. 1 
FA Semi-diameter + 28 | 
8. | 1 
| True altitude 7 65 Fl 
— g. o Co. Declination 67 . 30 | 
S. eckn. 22 90 | 3 — 
3 N. ; Latitude 75 23 


0. Dec. 67 30 . — — ome 


Inf, The latitude is 750.25 N. it being N. declination, 


Pg DOUBLE 
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DOUBLE ALTITUDEsS, Ne. 
, | I e ti 
OR 


g 5th, 

OssERVATIONS OFF THE MERIDIAN. -mpd 

and fri 

2 com! 

329] | | and ad 

| give th 

C A S E Iſt. or its a 

To find the latitude by taking two altitudes either | bth. 
the forenoon or afternoon, having the latitude by accoun the pl: 
and the intermediate time by a common watch. of _ 
| under. 
R, RD N. B 

from th 


iſt. To the arithmetical complement of the co. fin. ope 
of the latitude by account, add the arithmetical com. ihe lati 
the co. ſine of the ſun's declination, and call the ſum loy 
ratio. 


OB 


2d. Subtract the hours and minutes when each altitud 
Was taken from each other, and half the remainder, a 
call it half elapſed time, with which enter the tables, a 
from the column of half elapſed time, take the logarith ,q_ 1 
anlwering thereto, and ſet it down under the log. ratiofla M. a 


gd. From the natural ſine of the greater altitude, i 2d. 4 


the natural fine of the leaſt, and find the log. of chene liabl 
difference, which ſet down under the log. ratio. ten o'clc 
Ih. Add theſe three logs. together, and with theſſ6999, p- 
ſum enter the table of middle time, where having ſout 3d. A 
the log. neareſt thereto, take out the time correſpondiſſuceed f 
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to it, and put it down under the half elapſed time; ſub- 
S, Nac the leaſt from the greater, their difference will be 
e time from noon when the greateſt altitude was taken. 


th. With this time enter the tables, and from the co- 
umn of log. riſing, take out the log. correſponding thereto, 
and from it ſabtra& the log. ratio, the remainder will be 
common log. which being found in any table of logs. 
and added to the natural fine of the greateſt altitude, will 
give the natural ſine of the meridian altitude of the ſun, 
or its altitude at noon. 


6th. Having the meridian altitude, the latitude of the 
the place is found by the uſual method, that is, by one 
of the preceding caſes, according to which it may fall 
under. 


ner 1 
coun 


N. B. Should the latitude found as above differ greatly 
from the latitude by account, it will be neceſſary to repeat 
the operation, uſing the latitude laſt found, inſtead of 
the latitude by account. 


0. fin 
Om. 0 
Im E 


ww OBSERVATIONS on this MzErhop of 


er, a finding the LATITUDE. 

es, a 

raritl 1ſt. It holds good any time between the hours nine 
raue A. M. and three P.M, | 


2d. Altitudes taken ſo near together as 45 minutes, 
ve liable to a {mall error, particularly between nine and 
ten o'clock ; but between ten and eleven it will hold 
Wood, provided you take full 45 minutes between them. 


zd. Altitudes taken one AM. the other PM, muſt not 
txceed five hours between them. 
Ach. The 
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4th. The ſpace of time between the two obfervation; 
ſhould. be longer than the ſecond altitude from noon. 


5th. Altitudes taken AM. and PM. if ten minute 
elapſe between the obſervations, it is ſufficient, provided 
always in this caſe, that the {pace or portion of the 
diurnal arc comprehended. between the higheſt altitude 
and the meridian, be not greater than that portion (or 
nearly fo) which anſwers te the half elapſed time, be. 
tween taking the two altitudes, | 


6th. In failing to the eaſtward you muſt add to the 
elapfed time, at the, rate of one minute of time for every 
25 miles of longitude failed, between the two obſer 
vations, and fubtratt farling to the weſtward. 


7th. In ſailing in any other direction, let the bearing of 
the ſun be obſerved by the compaſs at the inſtant of thei 
firſt obſervation, take the number of points between it 
and the ſhip's courſe, corrected for lee way, with which 
if leſs than 8 points, or of what it wants of 16 points, if 
more than 8, and the diſtance run between the obſerya- 
tions, enter the traverſe table, and take out the difference 
of latitude correfponding to them, add this difference ol 
latitude to the firſt altitude if the number of points be. 
tween the ſhip's courſe and the ſun's bearing are lels 
than 8, but {ibrraf if they are more than 4 and the 
firſt altitude be reduced ro what it would have been i 
obſerved at the ſame place where the fecond was, 


Note, The refult of this operation will be the latitude 
of the fhip at the time when the fecond altitude was taken 
and muft be reduced to noon by means of the log. 
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X A Mul K 1 


Dip. — o. oo ip 
Re fraction — 4.16 Refraction 


At Chelſea the 15th of December, 1786, latitude 
510.29“ N. at 10b. 267 the altitude of the ſun's lower limb 
as obſerved to be 129.22. 49“/, and at 12h. go'.go” it 
3s 149.37 13“: What was the true latitude ? 


l. S's LL. iſt ob. 12. 22.49% Al. S's LL, 2d ob. 149.37 /.1 5 
— O ,0 


— 3 .31 


— 


12 18.3 


1433 -44 
d Se-di. & parr, + 16 27 O $e-di, & Parr. + 16.27 


— 


130. 20al. i 4-50.11 =25606 Dec. 2g. 19.08 ditto 


0.26 ooal. 12.35. OOo 21786 


* 


1, 2,10 Log. of the elapſed time 
0.28.38 Log. of the middle time 


0.33.32 Time from noon.—Log. riſing 3, 2878 
— Log. ratio o, 24270 


Common log. 611 2, 78608 
Nat. fine of greater alt. 25606 | 


90.00.00 
Nat. fine of merid, alt. 26217 15.11.56 


— —— 


EX 


9 True altitude 12.5. 00 © True altitude 14.011 


3 Lat. 319. 297. oo“ ar. co. of co. S. o, 20869 


o, 03701 


Log. ratio o, 242 70 


:. 4.20 elap. time 3820 Common Logarithm g,;8206 


— 


Merid. zenith diſt. 74.48.04 N. 
The ſun's declination 23.19.08 S. 


True latitude 51.28.56 N. 
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: hb W. 

E X A MP L A. 7 108. it 
The goth of July, 1779, being at ſea, in latityd 7.18— 
399.28” N. by account, at 11h. go“. 157 by my watch, 1 ˙44 


— — 


18.26 


altitude of the ſun's lower limb was obſerved to 
689. 187.45“; and at 12h. 267.28“, it was 709.58 /; th 
height of my eye above the ſurſace of the fea being: 
feet: What was the true latitude of the ſhip ? 


Anf. The true latitude g99.28/ N. 


39-13 


E N A NMT LE IIId. 


Being at ſea in latitude 13544 / N. the ſun's declinatio 
was 199.48“ S. at 12h. 42“ by my watch, the altitude « 
ſun's centre was obſerved to be 36.14 20%, and at gb. 20 


it was 30. 14. 13“: What was the true latitude of i} 
ſhip ? 


Anſ. The true latitude 130.49 / N. 


N. B. When the altitudes are taken one before an In the 


one aſter noon, if it is convenient to obſerve the h altit 
altitude when it is juſt equal to that taken before noa u ſeldo 
the work will be much contratted. rect 01 
| ould ha' 

EXAMPLE hs 

Being at ſea in latitude 509.46' N. when the dun Let the 
declination was 14%.55', at g®-7/.18% by my watch, th the ini 
altitude of the ſun't centre was obſerved to be 13%. points 
and at 2b-25/.44”, it was obſerved to have the ſame a*-way, : 
titude ; What was the true latitude of the ſhip ? * N 
| Wnt, an 


Ti 


G 


by W. Alt. G' Natural 

7 center, ſine. 1 
titnd 7.18 16.45 27144 Lat. 50.46 ar. co. of co.{.0,19895 
b, 544 Dec. 14-55 ditto 0,01489 


— — 


18.26 Log. ratio o, 21384 
39.13 pg Log. riſing 4,36504 


14166 Common log. 4,15120 


41310=mend. alt. 249.24 


Zenith diſt. 65 .36 8. 


natio | 

ude « Declination 14 +55 N. 
h. 2 Fa 

o th Anſ. True lat. 50 .41 N. 


In the preceding examples, it has been ſuppoſed that 
(th altitudes were taken at the ſame place; but as that 
n ſeldom happen at ſea, it is neceſſary to ſhew how to 
nett one of the altitudes, ſo as to make it what it 
ould have been if obſerved at the ſame place where the 
ther was; and this may readily be done, as follows: 


e un Let the bearing of the ſun be obſerved by the compaſs 
ch, ti the inſtant of the firſt obſervation; take the number 
5.4 points between it and the ſhip's courſe, corrected for 


me Me-way, if ſhe makes any; with which, if leſs than eight, 
with what it wants of ſixteen points, if more than 
ght, and the diſtance run between the obſervations, 
enter 


Ti 


( 16s 


| enter the traverſe table, and take out the difference ; 

| latitude correſponding to them. Add this difference 

latitude to the firſt altitude, if the number of points b 

tween the ſun's bearing and ſhip's courſe were leſs tha 

eight; but ſubtract it from the firſt altitude, if the numbe 

of points were more than eight, and it will be reducedt 

| what it would have been, if obſerved at the ſame pl; 
1 where the ſecond was. 2 


Note, The reſult of the operation will be the latitud 
of the ſhip at the time when the ſecond altitude was taker 
and muſt be reduced to noon by means of the log, 


BEX A MN TE 

May 23d, 1786, lat. by account 390. 20/ N. the ſun 
declination 209.40”, at 1 1b. 24,39, by watch, the a 
parent altitude of the ſun's lower limb was 689. 18.50 


Jul) 
the ap 
azimut 
the ap] 
betwee 
miles z 


To |} 


the azimuth of his centre was S. 8% W. by compals, 2 wer. 
at Iah. 20/137 the apparent altitude of his lower limb v b rr | 
09.58/, the ſhip's courſe between the obſervations, w hy b 
EAN 2 miles an hour, Dip 4, 20%: What was the is A M 
latitude? | In * 
Sh. co. 959.97 Diff. lat. — g1 Alt. ©LL.700.;58'oWyatch 1 


© bear. 8 . 00 Alt. OLL. 68. 18.30 Dip — . 42 


10 37 68.18.19 . 70.53 4 
16s o Dip. — 4.20 Ref. — .1(F=xamp] 


76 .22 68.13.59 e 
e Ref. — 23 O'sS.D. + 15:5 


68.13.36 tr.al.Oce. 71 .09 1 


| Examp] 
O's S.D. + 15-50 


True alt. O's centre 68.29.26 


Anl. True latitude 399.13 
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July 10th, 1786, Lat. by account 499.24' N. 1 1h. 2. ao 
the app. altitude of the ſun's L.L. was 609.00/, the 
uimuth of his centre due ſouth by compals, at 12h. 11/.10/ 
the app. altitude of his L. L. 629.09', the ſhip's courſe 


ce 0 
Ce 0 
8 b 
tha 


bel between the obſervations was E. S. E. E. at the rate of 64 
ted miles an hour, Dip 4,30“: What was the true latitude. 
pla Anl. True latitude 49.22 / N. 
titud — — | — nz 
taker 

To find the Error of the Watch from the 
” DousLE ALTITUDES. 
ie 2 1 


8, % Write down the time from noon per watch, when the 
[s, a greateſt altitude was taken, alſo the time correſponding 
wy to the log. riſing, their difference will be the error of the 


watch, if they are both A.M. or both P.M. but if one 
is A.M. and the other P.M. their ſum will be the error. 
In either caſe, if the time by the watch was earlieſt, the 
watch was too flow; but if lateſt, it was too faſt, 


In the preceding EXAMPLES, 


Example 1ſt, Time for log. riſing oh. gg'.35” P.M. 
Time per watch 0 .30 .20 P.M. 


Anſ. Watch too flow 


0.3 15 
Example ad. Time for log. riſing ah. 39/. 13“ P.M. 


Time per watch 2.25 $44 P.M. 
Watch too flow 13 · 29 
9.10% 


2 5 Methods 
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Methods to regulate the going of @ Watch, 


Co. 1 
Polar 


Having the latitude and time of obſervation per watch, 
with the ſun's true altitude and declination given. 


1 


Add together the co. latitude, zenith diſtance, and 
polar diſtance, from half that ſum ſubtract the zenith 
diſtance, and note the remainder; then add together the 
arithmetical complements of the ſines of the co. latitude 
and polar diſtance, and the log. fines of half the ſum, anc 
remainder ; half the ſum of theſe four logarithms 1s the co, 
ſine of half the number of degrees and minutes, &c. 0 
it is the coſine of half the horary angle or diſtance of the 
ſun from noon, which being doubled, multiply it by 4 
then the ſeconds will be thirds, the minutes ſeconds 
and the degrees minutes of time. 


Re 


E X AMP LE. 


At Chelſea, in lat. 519. 29 N. December 15, 1786, | 
the ſorenoon, the following obſervations were made: Re T 
quired the error of the watch ? Tins 


Time per watch 10h. 26/.00 Alt. ſun's L. L. 129.22/.49 
Refraction — 4-10} Watch 


Latitude 310.29“ N. | 12 183 
90 00 : Semi. dis. & Paral. + 1627 "Rp 
Co. lat. 38.31 © True altitude 12 .35 -0 Wha 
Declin. 23-18.56 S. Zenith diſt. 77 +25 O0 
90.00.00 


Po. di. 113.18.56 ZL 


ch, 


atch, 


, and 
zenith 
er the 
titude 


Time per watch 10 . 26. 00 A. M. 
| 
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; Z.D. 779. 25“/. oo! 
Co. Lat. ........... 38 . 1. 00-8. co. ar. 0,20569 
Polar Diſt. ..... 113.18 .56—5S. co. ar. o, ogyoo 


* 


2) 229 1466 


r 


114 7 . 28—8. .. 9,95859 
: T7 25 00 i 


Remainder 37 .12 .28—S. 


I Sum 


— . 9.784 


2)19,98282 


119.211. 30“ ¶ Co. S. 9.9914 1 


22 43 · o 05 
4 


— 


1 .30 .52 
12 . 00.00 
— —j—. 


10 . 29.08 A. M. 


True time 


Watch too flow — g .08 


** — — 


December 15th, 1786, at Chelſea; at 12h. 337.30 per | 
watch, the altitude of the ſun's lower limb was 149.37.154 
What was the error of the watch ? | Jl 


Anf. Watch too faſt 2 ſeconds. 


Q 2 


C399} 


In latitude 16. 24“ N. the ſun's declination being 
59.42 S. the altitude of the fun's lower limb was obſerved 
47®.12/, the time per watch being 2b-39/ P.M. What 
wat the error of the watch, the height of the eye being 
15 ſeet above the ſurface ? 


Anſ. The watch was too flow 9“. 40“. 


ANOTHER METH OD. 


reg © ED TD © 


—_ 


1ſt, Write down the latitude, and againſt it, it's ſecant 
leſs radius. | 


2d. Under the latitude write the dechnation, and it's 
ſecant leſs radius. 


3d. Add the ſecant's together, and call their ſum 
ratio A. 


4th. From the latitude and declination find the merid, 
altitude, and againſt it write it's natural ſine. 


th. Under it write the ſun's altitude at the time of 
obſervation, and it's natural ſine. | 


6th. To the logarithm of the difference of the natural 
ſines, add ratio A, their ſum is the log. riſing. 


N. B. II 


N. B. 
thod ex 
their d1 
the con 


greater 
the tim 


At ſe 
oclock, 
nation | 
watch ? 


$1Þ. 


Ra 
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NB. If in the forenoon the riſing found by this me- 

> nod exceeds the time the obſervation wants of noon, 

their difference is the time the watch goes too faſt, and 

'S de contrary. If in the afternoon, the rifing found is 
greater than the time of obſervation, their difference is 
the time the watch goes too flow, and the contrary. 


at 


EK X A M P LE. 


2 At fea, in latitude 489.38“ N. at 15 minutes paſt 11 
oclock, I obſerved the ſun 699.06' high, the ſun decli- 


mation being 229. 12 N. What was the error of my 
watch ? 


Lat. 489.38 / Sec. o, 17988 Lat. N. 489.387 
Dec. 22.12 Sec. o, og 343 Dec. N. 22 :12 


8 W — - 
As. —B — — * 


Ratio A. , 21333 26 .26 


© meridian alt. 63 .34 


1 
1 
1 
1 
1/58 
1 
1 
1 
1 
N 
= 
* 
| 
IK % 
4 
1 


Meridian alt. 6g9.34/ N. S. 89545 
1b. 13, Sun's alt. 63 .06 N. S. 89180 


2,6229 com. log. — 363 
Ratio A: „21333 
2.77562 Log. rifing ob. 257,00” 
12 . 00 . oo 


— —ͤ— 


ural | True time 11 35. 00 
Time per watch 14 .15 .00 


= Anſ. Watch too ſlow — 20. oo 
Q3. + Being 
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Being at ſea in latitude 499%. 11 N. at Sh. 200. 20 A.M, 
I obſerved the altitude of the. ſun's lower limb 33.30, 
the height of my eye being 22 feet, and the decli. 
nation 219.32“. 11“ N. What was the error of my watch 


Anſ. Watch too faſt 18.56“ 


At ſea in latitude yoo, ul S. at 7h-10{16/ A.M. the 
altitude of the ſun's lower limb was obſerved 159.12 
the declination was 10% N. What was the true time an 
error of the watch ? 


Anſ. Watch too flow 10. / 04“. 


On the VARIATION of the COMPASS. 


DEFINITIONS and PRINCIPLES. 


1ſt. It is an arc of the horizon contained between ti 
meridian of the place and the magnetic meridian, an 
whenever the needle does not point directly to the nor! 
point of the heavens, that difference is called the var 
ation of the compaſs, which is always eaſt or weſt. 


2d. The variation is found by an amplitude or 2 
azimuth, | | 


3d. The ſun's. true amplitude is an arc of the horizo 
between the eaſt or weſt points of the heavens, and t 
ſua's centre at his riſing or ſetting, 


4th. Mat 
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4th. Magnetic amplitude is the number of degrees 
and minutes that the ſun's centre is northward or ſouth- 
ward of the eaſt or weſt points at his riſing or ſetting, as 
obſerved by the azimuth compaſs. | | 


5th. The ſun's true azimuth is an arc of the horizon 
contained between the meridian of the place, and the 
zimuth circle paſſing through its centre, and is equal 
to an angle made at the zenith, orit is the true diſtance 
the ſun is from the true north and ſouth points, at the 
ime of obſervation. 


6th. Magnetic azimuth is an arc of the horizon con- 
ained between the ſun's azimuth and the meridian, as 
obſerved with the azimuth compals, or it is the apparent 
diſtance that an ohject is from the north and ſouth points 
of the compaſs, at the time of obſervation. 


7th. If the true and mangetic amplitudes or azimuths 
zgree there is no variation, but ſhould they differ, their 
difference is the variation of the compaſs. 


To find the Variation of the Compaſs by an 


AMPLITUDE. 7 


_ 7 


As ſine complement of the latitude is to radius, fo is the 
line of the object's declination, to the ſine of the true 
amplitude, 


CASE 
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ed. Se 
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When the amplitudes have one name, 


R U L E. 


Their difference is the variation, and when north at 
ſun riſing if the magnetic exceeds the true, it is eaf 
if ſouth and the magnetic exceeds the true, it is weſt, at 
ſun ſetting contrary : Or placing both the amplitudes be. 
fore your lace from you, if the true be to the right hand 
of the magnetic, the variation is ealt ; but when it is to 


the left hand, the variation is weſt. 


N.B, The eye is always ſuppoſed to be in the center 
of the horizon. 


bth, Set 
rds N. 


h. The 
off fron 


To Praject the Figures Orthographucally. 


N. B. In theſe projections you ule the line of chords 


only. ; | | | | : ards E. 
+ the wh 
R. 19 true Ne 


; ; ation of 
1ſt. Deſcribe a circle of 609 and quarter it, place 


NS. and EW. always as per figure, and A, at the cen- 
tre of the circle, then will N. reprefent the North, 
S. the South, E. the Eaſt, W. the Weſt, and SAN. the 


horizon, 


ad. Set 


6 
zd. Set off the latitude (if 3 from N. to P. to- 


Ads W. but if South from S. to I. towards W. and 
ww the axis PAI, or IAP. then at right angles to PAI. 
AA. the equator, 


d. Set off the ſun's declination on the primitive 
h ue from the equator towards the North, if North 
clination, and towards the South when South declin- 
on, and draw the parallel of declination parallel to it, 


be. cut the horizon SAN, in C. the place of the ſun's 
band ing or ſetting. 
is to 


ith. Meaſure aE or aW on the line of chords, it is the 
s true amplitude North, if the declination be North, 
| South when the declination is South. 


ch. Draw Ca parallel to WAE. towards the eaſt when 


s AM. but towards the Weſt if PM. to cut the 
mitive in a. 


bth, Set off the mag. amp. if ; * from W. 
ds N. when North, but towards S. when South. 


n, The diſtance between the mag. and true amplitudes 
ot from N, towards W. when Weſt variation, and 
ards E. when Eaſt variation, will give the true North 
the whole figure & finiſhed. The diſtance from N. 
rue North meaſured on the ſcale of chords, is the 
aon of the compaſs. 


. Set E X A M- 


At ſea, in lat. 


K 
F AMP 4. 


309.00/ N. the ſun's declination bei 
239.90/ N. the ſun roſe 369. go/ to the northward 
the eaſt; What was the variation of the compaſs. 


As co. S. lat. 30. oo 
90 . oo 
Sine © declin. 23 . 20 = 9.39778 


Radius 


bunt 


S 


0 06247 
0.00000 


S. true amp. E27 13K 9.66025 
Mag. amp. Eg6 . aN 


Variation 


Anl. The Variation was 99. 17“ Eeſl. 
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At ſea in lat. 6g9.go' N. the ſun's declination being 
1.13 S. the ſun roſe Eg79.30/S. What was the vari- 
| beinWhion of the compaſs ? 
ard 


An. The Variation was 119.39“ W. 


the ſun ſet 10 to the ſouthward of the Weſt. What 


x the variation. | 
Anſ. 109. 161 Weſt. 


At ſea in lat. 509.007 S. ſun's declination 209. o00' N. 
te ſun ſet Weſt 19%. o00 North, What was the va- 
uon. 


Anſ. 13. 09f Eaſt. 


At ſea the Lizard bore N. NE. diſtance 9 miles, when 
e ſun's declination was 229. 28' N. we obſerved the 
n to riſe Eaſt 179. 46' North. What was the variation. 


Anſ. 189. 33“ Weſt. 


C A 8 E IId. 


When the amplitudes have different names. 


R U L E. 


Their ſum is the variation at fun riſing- if the magnetic 
tplitude exceed the true; when North the variation is 


placing both the amplitudes (before your face) from 
u, if the true be to the right-hand of the magnetic the 
mation is Eaſt, but when to the leſt hand the varia» 


pn is Weſt, 
E X AM. 


teſt, 


Being at ſea in lat. 209.00/S. ſun's declination 190.00 


lt, but when South it is Weſt; at ſetting the contrary: 
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EX AMFE LE 


At ſea, in lat. 289. 30 / N. the ſun's declination 119. 
South, the ſun roſe Eaſt 3“. 20! M. What was they 
riation. 


Anſ. Variation 160. o7 Eaſt. 


* A ; ; 
At ſea, in latitude 409.00! S. ſun's declination 4,4 
north, the ſun roſe eaſt 20. 30 ſouth : What was 
variation ? 


Anſ. Variation 89.40“ weſt 
At ſea, in latitude g5%.00' N. the ſun's declinat 
10%. oo S. the ſun ſet W. by N. What was the variatio 


Anſ. Variation 239.29/ welt, 


At ſea, in latitude 509%.00/ N. the ſun's declinati 
60. 200 N. the ſun ſet 29.007 to the ſouthward of | 
welt : What was the variation? 


Anl. Variation 119.55 eaſt. 
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0 
* WORK an AZ IMU TH. 
el 
Having the latitude of the place, ſun's declination and 
altitude given; his azimuth required ? 
4. R 1 | 
* Add the complement of the latitude, the complement 
, of the altitude, and the ſun's diſtance from the pole, to- 
e 


gether; from half that ſum take the ſun's diſtance from 
the pole, and note the remainder; then add the arith- 


linaulnetical complement of the co. ſine of the latitude, the 

riatiof arithmetical complement of the co. fine of the altitude, 
the ſine of the half ſum, and fine of the remainder to- 

eſt, zether, the half ſum thereof is the co. ſine of half the 
zimuth ; double it, and reckon from the north in north 

linatiW/atitude, and from the ſouth when in ſouth latitude. 

| of | 


N. B. When the latitude and declination have one 
name, ſubtract the declination from go degrees, the re- 
mainder is the ſun's diſtance from the pole; but when of 
lifferent names, the ſum of the declination and go degrees 
5 the ſun's diſtance from the pole 


alt, 
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EX AMPLE. 


In the latitude of 489.56 / N. ſun's declination 200, 16 


N. his altitude in the afternoon was obſerved to be 380. 30 


What was his azimuth ? 


go. oo 90. oo 
© altitude 38. 30 20 . 16 declination 


Co. alt. 5180 


— — — 


"4, 
* 


Lat. 48.56 


Co. lat. 41 04 Arith. co. log. ſine , 18248 
Co. alt. 51 0 Arith. co. log. fine o, 100640 
© D. fr. pole 69 44 


2) 162 . 18 ſum 


69 .44 S's diſt. from pole. 


J ſum 81 .0g Sine 4 ſum 9,99480 

© D. fr. pole 69 .44 
Remainder 11 25 Sine 9,29654 
2 19,8028 


519.55 co. fine 9, 79014 
2 ee ee 


True azim. N. 10g .zo W. 


Anſ. Sun's true azimuth 109. 30“ from the N. 
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TO FIND THE 
5 / 


„ VARIATION of the COMPASS, 


83: AN A&3MU;T Mo. 


le. 
Having the latitude of the place, the ſun's declination, 


it's altitude at the time of obſervation, with the magnetic 
azimuth given, the variation is found, thus : 


R U E 


Proceed to work the azimuth as before, comparing 
the azimuths in the morning, counting from the north; 
ih the true exceeds the magnetic, their difſerence is the 
rariation eaſt, but if the magnetic exceeds the tine, their 
difference is the variation weſt. In the alternoon the 
contrary, or placing the azimuths (beſore your lace) if 
the true azimuth he to the right hand of the magnetic, 
the variation is eaſt, but if to the lelt band, the variation 
is weſt. 
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To project the Figures Orthographucally. 


6th 
N. B. Through the whole of theſe projections, you 5 
uſe only the line of chords. 
| and th 
the tru 
1ſt. Deſcribe a circle, quarter it, lay off the latitude, draw 
the equinoctial axis, and parallel of declination, in al Bei 
reſpetis as directed in amplitudes. | ; $90 
i | uns dt 
2d. Set off the ſun's altitude on the primitive circle utitude 
from the horizon SAN, towards W, and draw the paral. 3 
Ie con 


lel of altitude parallel to SAN, to cut the parallel of the 
lun's declination in C, the place of the ſun at that time, 


zd. Draw Co parallel to WAE towards the eal 
when it is AM, but towards the weſt if PM, till it mee's 
an arc made (wich FG halt the length of the parallel of 
altitude) from the centre of the primitive circle, as A. 


4th. From A through O, draw a line to cut the pri- 
mitive circle, which place will be the true azimuth, it 
being meaſured on the line of chords to N when north 
latitude, or S when ſouth latitude, ſheweth the ſun's true 
azimuth, 


5th. Lay off the mag. azimuth if north latitude, from 

the north; but if ſouth latitude from the ſouth towards 
U 3 | 

70 when 1t 15 50 to the mag» azimuth on the 
IVis 

Primitive circle. 


th. The 


( 109-} 


6th. The diſtance between the mag. and true azimuths 
ſet off from N. towards W. when welt variation, and to- 
wards E. when eaſt variation, will give the true north, 
and the whole figure is finiſhed; the diſtance from N. to 


the true north, being meaſured on the ſcale of chords, 
is the variation of the compals, 


«AA MAPLE 


Being at ſea in the latitude of 279.30/ north, when the 
ſun's declmation was 239.01 ſouth, we obſerved his true 
altitude in the afternoon to be 129.30/, and the magnetic 


2zimuth weſt 219.10/ſouth: What was the variation of 
the compals ? | | 


d 7 0 / "BY, 
90.00 90. oo 90.00 
21.10 12.30 ſun's alt. 29.01 ſouth. 
g. az. N. 111. 10 W. 77-30 co. alt. 119.01 S's diſt. from 


—.— the pole, 


9 3 90.00 
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90. oo 


*7 


30 lat. 


62 


11g 


77 3 


30 co. lat. 
30 Co. alt. 
oi ſun's diſt, ſrom the pole 


9233 


oi ſum 


30 + ſum 
oi ſun's diſt. from the pole 


29 remainder. a3*; 
Co. ſine lat. 279.307 it's arith. co. 0,05207 
Co- fine alt. 12 .30 it's arith. co. 0,01042 


Sine 4 ſum 126 .30 9,90 518 
S. of remain. 13 .29 | 9,30766 
2)19-33533 


8 „ 
62.17 co. fine 9, 66766 
2 


True azim. N. 124-34 Weſterly. 


Mag. azim. N. 111-10 Weſterly. 


Variation 13.24 Well. 


Anſ. Variation 139.247 Weſt, 


Being 
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Being at ſea in latitude 370. 10“ ſouth, when the ſun's 
leclination was 229.50/ N. and his true altitude was 
12. 16“, bearing by compaſs eaſt 470. 10 NM. What was 
the variation of the compaſs? 


Anſ. Variation 39.38“ eaſt. 


Being at. fea, in latitude 47%.99/ N. when the ſun's 
declination was 219.06! N. and his true altitude was 
169.25/, bearing by compaſs W. 29.02/ S. What was 
the variation of the compals? 


Anf. Variation 159.227 eaſt. 


Being at ſea, in latitude 289.40 N. the ſun's true 
altitude was 200. 197, and declination 199.12' S. bearing 
by compaſs SW by W. What was the variation of the 


compaſs? 


Anſ. Variation 39. 177 weſt, 


At ſea, Cape Finiſter, whoſe lat. is 429. 5e/ North 


bearing ſouth 659.09/ eaſt diſtance 169 miles, we ob- 
ſerved the ſun to bear eaſt 229 ſouth, when his true 
altitude was g69. go/, and declination 239. 21“ north: 
What was the variation of the compaſs ? 


Anſ. 209.189 weſt. 
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N.B. < 
de addit 


i 1 wie 
Of TIME and its DIVISIONFHWLun 
1the fo 
ultiply 
be fe 
nd to t1 
minutes 
be minu 
d that 


n 


The day in aſtronomical accounts is ſuppoſed to he. 
gin at noon, or 12 hours later than the civil day of the 
ſame date, and is reckoned from o hours to 24 hours, 
or to the ſucceeding noon, when the next day beyins, 
and tho' Navigators keep their log-book from noon to 
noon, or according to aſtronomical time. they date their 
obſervations according to civil time, the time hefore 
noon being called A.M. or ante meridian, and that after- 
noon P.M. or poſt meridian. y 


At ſea 
M. thi 
uired th 


ven Ic 


To find Gxetenwicn Tims in any Longitude. 
| | | ong. t. 
KUL: 


FFV 
When the longitude is weſt. 


Add the longitude of the ſhip in time, to the ſhip's I At ſe 
time, and the ſum will be the time at Greenwich, of the "pi 
ſame name as that at the ſhip, 


N. B. 
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N. B. Should that time exceed 12 hours, reject 12 in 
he addition; and if the time at the ſhip be A.M. the 
reenwich time will be P.M. of the ſame day; but if the 
ps time be P.M. the Greenwich time will be A.M. 
1the following day. To convert motion into time, 
ultiply it by 4, the ſeconds will thirds, the minutes 
be ſeconds, and the degrees will be minutes of time: 
nd to turn time into motion, firſt reduce the hours and 
o be-Winutes into minutes, and divide by 4, the quotient of 
f the Ne minutes will be degrees, that of the ſeconds, minutes, 
ours, 9 that of the thirds, ſeconds, &c, 


N 


ins, 


on to F Iſt. 
their | 


eſore MW At ſea by ,obſervation Auguſt 13d. 1785, at 8b. 24/127 
M. the longitude was found to be 639.27 . 0 W. Re- 
pred the Greenwich time? 


1fter- 
ven long. 639. 27/. 90“ Ship's time 8h. 24.12% 
4 Long. in time 4.1330 


de. — 
ong. time 4h. 137,0 W. Greenwich ; 
T. Aug. 14; 0. 38. o A. M. 


. IId, 


hip's At ſea by obſervation Auguſt 6th, 1785. at gb. 12“. 30% 
the I. che longitude was 829. 12/. 18“ W. Required the 
me at Greenwich ? 


Given 


({ 190 ) 
Given long. 829.12/.189 W. Ship's T. gh. 127. 30%. 
4 


Long. Time Sh. 2849“ W. 
Greenwich T. Aug. 6th. 8 . 41.19 A, 


At ſea ] 
0 16/.98 


5 .28 .49 


jen lon, 


1 IId. ng. in 1 
When the longitude is eaſt. 


1ſt Subtract the longitude of the ſhip in time, fro 


the ſhip's time; if ſubtrattion cannot be made, borr, ] 
12 in the hours. The remainder 1s the Greenwich tim 1 8 
t ſea 

2d. If ſubtraction can be made, the Greenwich tin -g0, ,. 

will be A. M. or PM. the fame as the thip's time; but 

it is neceſſary to borrow 12 in the ſubtrathon, the GreetMWen lon; 

wich time will be of the contrary name to the ſhip 

time. Allo, if the ſhip's time was P.M. the Greenwi 

time will be on the ſame day; but if the ſhip's time ville. in“ 


A M. the Greenwich time will be P.M, on the day bt 
ra 


F Iſt. 


At ſea July 22d, in longitude 70%. 20 E. the time 
the ſhip was 4h. 10'.12/ A. M. What was the time 


Greenwich ? 
Given long. 70. 20 E. Ship's time 4h. 10 /. 12/ A.) 
4 
— — Long. in T. 4 4120 k. 
Long. in T. 4h. 41. 20/E. | — 


Greenwich T. July 21ſt, 11.28.52 P. 


("200 F- 


EX A NN IId. 


At ſea January goth, at 11. 12.33“ A. M. in longitude 
0 16/.38” E. What was the Greenwich time? 


jen long. 339. 160.38“ E. Ship's T. 11h. 12/33/A.M. 


4 
wigs — Long. in T. 2 .1g .o7 E. 
g. in T. 2h. 137. 0% E. — 


Greenwich time Jan. goth, 8 .59 .26 A, M. 


> fro 
borrg 
h tim 


EA AMP 46 ITId. 
t ſea September 14th, at 3b. 38'.40# P.M. the long. 


or 789.42'.16” E. What was the Greenwich time? 

wt 

92 en long. 78.42. 1670 E. Ship's T. Sh. 387. 40/ P.M. 
e ſhip 4 


enwl 
me vie. in T. Sh. 14'.49fE. 
lay © Greenwich time Sept. 14th, o .23.51 P.M. 


Long. in T. 5 . 14.49 E. 


52 P.) A TABLE, 
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To find the Moon's Horizontal Parallax 
and Semi-diameter, for any given time. 


— — CI Penn — 


= 


R U E14 Iſt. 


If the given time is either at noon or midnight, look 
in the nautical ephemeries for that day, and againſt it, in 


their proper columns, are the horizontal parallax and 
ſemi- diameter required, ä 


. 


What was the moon's horizontal parallax and ſemi- dia- 
meter, November the 8ih, 1785, at noon ? 


_— i oF CON r a GO DD = 


% In page 127 of the ephemeries againſt the 8th day, I 


ind the ſemi-diameter in the column for noon 15/42“, 
and the horizontal paral. in the column for noon 57! .36". 


17 R U 3 IId. 


che given time is between noon and midnight, that is 
20 in the afternoon of the given day. 


22 1ſt. Look to the given day in the ephemeries, and 
2e out the ſemi-diameter and horizontal parallax for 


24 och noon and midnight, and write them one under the 
2; tier, and ſubtract them. 


2] T ad. With 
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2d. With the differences enter the ſmall table in the 


; * take c 
firſt column under difference for 12 hours, and againſt it noo 
under the hours after noon take out the ſeconds; if the raed X 
ſemi-diameter was increaſing from noon to midnight, it he "3 
muſt be added to the ſemi-diameter for noon ; but if was {} 

ar ianight, it muſt be ſubtracted I 22 
decreaſing from noon to mi night, it muſt be ſubtracted bom t 
from the ſemi-diameter for noon ; the ſum or difference, night 

SECT) 


will be the ſemi-diameter required. Alſo, the difference nd 
of the horizontal parallax uſed in the ſame manner, and 


added to or ſubtratted from the horizontal par. for noon, "ER 
the ſum or difference, will be the horizontal paral. requi, 

EA A MF 1 © Wh 

What was the moon's ſemi-diameter and horizontal pa- paralla 

rallax, July 14th, 1783, at 4 hours aſter noon? noon, 


Semi-diam. Hor, Par, 
In the ephemeries July 14th, noon 14.33“ 4534/.98 
Midnight 14.56 $54 -49 


Difference 11 
From the ſmall table for 4 hours 1 l.. 
S. dia. & hor. par. for noon increaſ. add 14 .53 $54 -38 I} ©: 91a. 6 


Gives t 


S. dia. & hor. par. at 4 hours afternoon 14.34 64 +42 


X U 63 IIId. N. B. 

| * ae the 

If the given time is between midnight and noon, or 1 neareſt 
the ſorenoon of the given day. example 


1ſt. Look into the ephemeries for the day next beſot H it wa. 
the given day, and take out the ſemi-diameter and ho 


rizontal parallax for midnight; alſo for the given 4 
| I 


it 
the 


Was 


ce, 
nce 
and 


oul, 
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take out the ſemi-diameter and horizontal parallax for 
noon, and write them under the other and ſubtratt. Pro- 
ceed with the differences to take out the quantines from 
the ſmall table, as in rule 2d, hut with the given time 
paſt midnight, and add to the ſemi-diameter, or ſubtract 
from the ſemi-diameter and horizontal parallax for mid- 
night, according as they are increaſing or decreaſing, 
and the ſums or differences will be the femi-diameter and 
horizontal parallax ſor the hour in the forenoon required. 


. 


What was the moon's ſemi-diameter and horizontal 
parallax the 12th of September, 1783, at 19 hours after- 
noon, or 13th of September, at 7 hours inthe forenoon ? 


Semi-diam, Hor. Par, 


September 12th, midnight 15/.99 577.260 
13th, noon 15.47 57.64 


— ( — — 


Difference 8 28 


From the table ſor 7 hours 5 16 
d. dia. & hor. par. for mid. increaſ. add 13.39 57 .26 


Gives them for 7 hours after midaight 13.44 637.42 


N. B. - If the given time is in hours and minutes, 
lake the hour more or leſs than the given time which is 
neareſt thereto, and proceed therewith as in the above 
example.— Thus if the time is 6h. 22/, ſay 6 hours; but 
it it was Gh. 95”, call it 7 hours. 


PRE» 


- 
—— — 


1 — —— 
= — — =——_—- S 4 — Ip BS —— 
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PREPERATION FOR 


WOREING the LONGITUDE, 
By the AUuTHoR's Method. 


1 


1 


CA O Iſt. 


10 find the correction of the moon's apparent altitude, 


R U L E. 


From the proportional logarithm.of the moon's hori- 
zontal parallax, its index being increaſed by 10, ſubtratt 
the log. ſine of the moon's zenith diſtance, and the re- 
mainder will be the proportional log. of her parallax in 
altitude, from which ſubtratt the moon's refraction ; 
their difference will be the correction of the moon's ap- 
parent altitude as required, 


R Iſt. 


Suppoſe the moon's apparent altitude to be 149. 18/42“, 
the horizontal parallax 597. 20“: What is the correction 
of her altitude? 


Horizontal par. 09.59. 20“ P. L. 10,4820 
Moon's Z. D. 75 41.18 Log. S. 9,9863 


Parallax in alt. o . 37 . 29 P. log. o, 4937 
Refraction —. 3 440 


0 .53 +49 Correction required. 
: E x A M. 


— — = 
— y— — — — — — —— _ —ö — — — 
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. it 


Admit the apparent alt. of the moon was 500.35“. 4%, | 
ind her horizontal parallax 56/.44”: What is he cor- 14 
reftion of her altitude? i 


Horizontal par. 56/.44” P. Log. 10,5014 | 
D Z. Diſt, 39.24.13 Log. S. 9,8026 lit 


de, | 

Parallax in alt. 36. 01 P. Log. 0,6988 i 
Refraction — 047 

ral 35 -14 Correction required. 

re- 

x in 

ON; 

ap- F 


Admit the moon's apparent altitude to be 99.38/.00/, 
nd her horizontal parallax 54.33“: What is the cor- 
ettion of her altitude? 


42), 
-t10N 


)'s Horizontal parallax 0. 54/355“ L. P. 10,5155 
)'s Z. Diſtance 80 .22 .00 Log. S. 9,9938 


)'s Parallax in alt, 54.09 P. Log. 0,5217 
Refrattion — 5 .26 


_ 


48 .43 Correction required. 


* T3 Ex AM- 


( 198 5 
T IVch. 


Suppoſe the moon's apparent altitude 279. 20/. 30%, and 
the horizontal parallax 56. 26“: Required the correction 
of her altitude? 


Horizontal parallax 00.56“. 26“ P. L. 10, 50g 
D's Z. Diſtance 62 .39 .10 Log. S. 9,9485 


D's Parallax in alt. 50 .08 P. Log. 0,5552 
Refrattion — 1 .50 


48 .18 Correction required, 


„FF 
To find a reſerved logarithm, which call A, 


Nv I. . 


Take the log. ſecant of the moon's apparent altitude, 
the log. co. ſine of her true altitude, the log. ſecant ol 
the ſun or ſtar's apparent altitude, and the log. co. fine 
of the ſun or ſtar's true altitude; the ſum of theſe four 
logarithms rojecting go in the index, will be the reſerved 
logarithm required. 


5 EX A NM 6 Iſt. 


Admit the moon's apparent altitude to be 14. 18,2 
and the correction of her altitude found by problem 1ll, 
53˙. 49% alſo the apparent altitude of the ſun 30.35/58 
and his refraction 1,36“: Required the log. A? 


: | app 


SUPP 
509.30 
problen 
the ſun 


the log: 
D's a 
Corr. 


D's t 


O's 3 
Refra 


O's t 
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Ds app. alt. 149.18/.42” Log. ſec. 10,0136g 
Correction + 53 49 


and 


ion D's true alt. 15 12 31 Log. co. ſ. 9.98452 


O's app. alt. 30 35 .58 Log. ſec, 10, 0651 
Re fraction — 1.36 , 


O's true alt. go .34 22 Log. co.f. 9,93499 


9,99833 log. A 


ed „ 


N IId. 


Suppole the apparent altitude of the moon was 
509. 35.47“, and the correction of her altitude found by 
problem 1ſt, to be 35. 14“, alſo the apparent altitude of 
the ſun 139.317. 09“, and his reſraction g/.54” : Required 
the logarithm A ? 


D's app. alt. 509.35“. 47“ Log. ſec. 10,19738 


* Correction + +35 +14 
1 )'s true alt. 51 . 11.01 Log. co. ſ. 9,797 13 


O's app alt. 19 31.09 Log. fec. 10,01220 
Refraction — 364 


O's true alt. 13 27 .15 Log. co. ſ. 9,98791 


9,99464 log. A 


E X A M- 
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SS: A: MF: LE IIId. 


Admit the apparent altitude of the moon to be 
9.380. oo, and the correction of her altitude found by 
problem 1ſt, to be 487,43”, allo the apparent altitude of 
the ſtar Spica 119.17/, its refraction being 4/.40”: Re. 
quired the logarithm A ? 


D's app. alt. 99.38“. oo Log. ſec. 10,00617 
Correction + 4843 


D's true alt, 10 .26 43 Log. co. ſ. 9,99274 


* app. alt. 11 .17 .00 Log- ſec. 10, 0848 
Reſraction — 440 


— — — 


* s true alt. 11.12.20 Log. co. 1. 9,99 166 


9,9990565 log. A 


CET IVth, 


Suppoſe the apparent altitude of the moon to be 
279.20/,50”, and the correction of her altitude found by 

roblem firſt, 48/.18/, alſo the apparent altitude of the 
ſtar Spica to be 599.16'.20/, its reſraction being 34“: 
Required the logarithm A ? 


)'s app. alt. 279.20“. 30% Log. ſec. 10,05147 
Correction + 48.18 


1 's true alt. 28 . 09. 8 Log. co. ſ. 9,9432 
&* s app. alt 59 . 16.20 Log. ſec. 10, 29161 
Reſraction — 34 | 


* s true alt, 59 .15.46 Log. co. ſ. 9, 70831 


9.99691 log. A 
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ON 


* 


by WORKING the LONGITUDE, 


By the AuTnoR's Method. 


TREE | EEE © E 8. 


iſt. Find the moon's horizontal parallax, alſo the 
torrection of the moon's apparent altitude, and the 
ogarithin A, as directed in the preparatory work, prob- 
lim firſt and problem ſecond. 


2d, Find the apparent diſtance of the ſun and moon, 


| be Ir moon and flar, alſo their apparent altitudes. 
I by W 34 To the correction of the moon's apparent altitude, 
hey ad the refraction of the ſun or ſtar, the ſum of which 


il be the correction of the difference of the apparent 


4th. If the altitude of the ſun, or ſtar, be greater 
han that of the moon, take the above correction from 
te difference of the apparent altitudes, but let them be 
ided together if the moon's altitude be greateſt, and you 
ill have the difference of their true altitudes, 


sth. To 


Oe 


o 
, 
| 


| 
' 
l 
: 
| 


_ —  — 


— — — 7 —— — 7*—ꝰX2 22 


— — 
„ 
— ͤ ꝓÆi];ʒgyuf —— — 


2—— — t——_—_ 
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gth. 


maindei 


5th, To the apparent diſtance add the difference of 
the apparent altitudes ; alſo take their difference. 


6th. Take the log. ſine of half the ſum, the log. ſine 
of half their difference, the conſtant log. 7, 30 10g, and 
the logarithm A, add theſe four logs together, and thei 


mainder 
of the t 
frft diſt, 


2 . ; l 
ſum, rejecting go in the index, will be the common n 


log. of a natural number. 10th, 
7th. To this natural nnmber add the complement{"9 the 
arithmetical of the natural co. ſine of the difference of®p's tr 


eſt, 1 
reenw: 


the true altitudes, taken to 7 places of figures, and | 
the true diſtance is leſs than 90, take the co, arithme 
tical of this ſum, which will be the natural co. fine o 
the true diſtance. —But if the true diſtance be more tha 
g0?, omit the 1 from the left hand of the ſum, anc 
the remaining ſigures will be the natural ſine of an arc 
to which add go“, and it will give the true diſtance 
which being obtained, the longitude will be found: 
follows. 


8th. In the ephemeries amongſt the diſtances of th 
ſun or ſtars ſrom the moon for the day of obſervatio! 
look for this true diſtance, and if it be there, the Green 
wich time of obſervation will be found at the top « 
the column; but ſhould the true diſtance fall betwee 
two, which generally is the caſe, write under each othe 
the two neareſt, and ſubtract; alſo take the differen 
of the firſt diſtance, and the true diſtance. 
. gth, Froi 
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e offs och. From the proportional log. of the ſecond re- 
mainder, ſubtract the proportional log. of the firſt re- 
minder, their difference will be the proportional log. 
of the time elapſed, ſince the time correſponding to the 
firſt diſtance taken from the ephemeries, which added 
hereto, 1s the true time of obſervation at Greenwich. 


10th. The difference between the time at Greenwich 
nd the time at the ſhip turned into longitude, gives the 
ſhip's true longitude from Greenwich, either eaſt or 
eſt, If the time at the ſhip be greater than that at 
reenwich, the longitude is eaſt ; if leſs, weſt. 
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E A M F 1. E 


IIId. 


At ſea the 2gth of April, 1784, in longitude per ac. 
count 46 W. at gh PM. apparent time, the diſtance of 
the moon's neareſt limb from the ſtar Spica was obſerved 
29292“ the altitude of the moon's lower limb was 
99.260.487, and that of the ſtar 119.29 49”, the height 
of the eye being 16 feet : What was the true longitude? 


Anf. The true longitude was 46.34/13“ W. 


IX NM L IVth. 


January 16th, 1786, in Jatitude 319. 10“ S. longitude 
pu account 819. 20/ E. at 4b. 14/ AM. per watch well regu— 
ated to apparent time, the diftance of the moon's fartheſt 
limb from Spica was obſerved to be 689.37, the alti ude 
of the moon's loweſt limb being 279.10', and that of the 
ſtar 399.217, the height of the eye being 24 feet; Re- 
quired the true longitude ? | 


Anſ. The true longitude was 829.19' E. 


On RECTIFYING COURSES. 


C A 8 E Iſt. 


The Cours Steered by the Coup Ass and VARIATION 
given, the CORKECT or TRUE COURSE required. 


N. B. You muſt ſuppoſe yourſelf placed in the centre 
of the compaſs, and looking from thence towards the 
different points thereon. | 


RULF. 


If th 
right-h; 
welt, tc 
quired, 


If I 
nion is 

Vari, 
variatic 

Anſ. 


Coui 
eaſt ; \ 


Vari 
ealt var 
rett con 


Anſ. 
Cou 
weſt ; 
Anſ. 
Com 
What's 
Anl. 
Cour 
What's 
Anſ. 
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C 


0. If the variation is eaſt, count the variation to the 
of Wright-hand of the courſe ſteered by the compaſs; but if 
ed N Vveſt, to the left-hand; it will give the true courſe re- 
ras N quired, l 


x EXAMPLE 8. 


If I ſteer SWbyW. by the compaſs, when the vari- 
nion is one point weſt: What's the true courſe ? 


Variation, 1 point towards the left-hand, (it being W. 
variation) from SWby W. makes tt SW. the true courſe, 
Anſ. SW. 


zelt Courſe by the compaſs SWby W. variation 2 point 
ule W eaſt: What's the true courſe ? 


Re. Variation 1 point towards the right-hand, it being 
eaſt variation) from SWby W. makes it WSW. the cor- 


rett courſe. 
M Anſ. WSW. 
— Courſe by the compaſs EbySZE, variation 11 point 
welt: What's the true courle ? | 
Anſ. EbyN. | 
Courſe by the compaſs NWZW. variation 14 weſt : 
What's the correct courſe ? Se 
Anſ. WNW. 
Courſe by the compaſs NWZW. variation 14 eaſt: 
entle What's the * courle ? | = 1 
Anſ. NNWZW. | 
LE | | U3 Courſe 


| 
| 
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Courſe by compaſs due N. variation 279.30/ weſt; 
What's the true courſe? 


Anſ. NNW+3W. nearly. 
4 Courſe by the compaſs E. 8. 25 N. variation 522 
eaſt: What's the true courſe ? 
Anſ. E. 39.5 N. FP 
Courſe by the compaſs SEP. varia:ion 172.25! weſl; 
What's the correct courſe ? 
Anſ. SEby Sg E. 33“ eaſt. 


9 4 


. C K 8 E. IId. 


Tu CouRsE Steered by the Cour Ass, LEE-WAx and 
VARIATION given, the CORRECT COURSE required. 


R U 2A: 3h 


When the lee-way and variation are both one way, 
that is both to the right-hand or left, their ſum corretted 
by caſe 1ſt. is the true courſe required. But when con- 
trary ways, their difference is to be corrected the ſame 
Way the greater was to be allowed for. 4 


E * WP £1346 


Coutfe by compaſs' ENE. wind at north, lee-way 11 
Point, vatiation 14 eaſt: What's the true courſe 
Lee-way 14 right-hand 
Variation 14 do. 3 5 a Eby S. 


* 


3 Points towards the right-hand from ENE. 
L makes it EbyS. the correct courſe 


Courſe 


(#5 
. * 4 


Cot 
point, 
Lee 
Var 


Cou 
variati 
Lee 
Var! 


Cou 
variatic 

Vari 

Lee 


Vari 


Cour 
on 21 
Lee-1 
Vari- 


Var. & 


Cour 
points, 
Lee-y 
Varia 


Lee-y 


eſt; 


.22' 


reſt; 


zurſe 
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Courſe by compaſs NW. wind at NNE, lee-way 11 


) 


point, variation 14 weſt : What's the true courſe? 


g And. WbyN. 


Lee-way 14 point left-hand 
Variation 1+ do. 


3 Points towards the left-hand from NW. 
— makes it Wby N. the true courſe. 


Courſe by compaſs SSW. wind SE. lee-way 14 point, 
variation 4 weſt : What's the true courſe ? 


Lee-way 14 point right-hand 


Variation 3 left do. 


—— 


| Anſ. SSWIW. 


2 Point towards the right hand (it being 


the greater) from SSW. makes it 


| SSWAW. the true courſe. 
Courſe by compaſs SE. wind SSW. lee-way J point, 


variation 14 eaſt: What's the true courle ? 


Variation 14 point right-hand 
Lee way + left-hand 


Variation 14 right-hand 


Courſe by compaſs NE. wind ESE. lee-wa 


Anſ. SEbysz8. 


ion 2 points weſt; What's the true courſe? 


Lee-way 51 points left-band 
Variation 2 do. 


Var. & lee-way 7+ left-hand 


y 53 varia- 


Anſ. NWby NAW. 


Courſe by compaſs SEZE. wind NEby EE. lee-way 4 
points, variation 14 weſt . What's the true courſe? 


Lee-way 4 points right-hand 
Variation 14 lelt- hand 


Lee-way 21 right-hand 


Anſ. SSE. 


CASE 


| 
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C A S E IIId. 

The Truz CouRsE from PLACE to PLACE, and che 
VARIATION given; the COURSE to STEER by the 
Comeass required? | 


R U L E. 


If the variation is eaſt, count the variation to the 
left-hand of the true courſe, and you have the courſe 
by the compaſs to ſteer; but it well, variation to the 
right-hand of the true courſe. 


Sz XA MCT LE 
True courſe from place to place, S W. variation 1 
point weſt, What 1s the courſe by the compaſs ? 
Variation 1 point towards the right 


hand, from SW. makes SW by W.Y Anf. SW by W. 
the courle to ſteer by compaſs 


True courſe from place to place WSW. varia. ion 1 
point eaſt, What 1s the courſe by the compals ? 


Variation 1 point towards the left- | 
hand, from WSW. makes SWby W. Anſ. SW by W. 
the courſe to ſteer by compals. 


True courſe ſrom place to place, NEZE. variation | 


point weſt : What's the courle by the compals ? 
Anſ. NEbyE. 


True courſe from place to place, NEEN. variation 
point weſt, What is the courſe by the compals ? 


Anſ. NE. 
True 


True 
point of 


Al 


True 
1} poin 
At 
True 
veſt, 


Ar 
True 
nation 
pals ? 
Ar 


True 


9.217 


Ar 
True 
. 25 
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True courſe from place to place, E by N. variation 14 
point eaſt, What is the courſe by the compals ? 


the Anſ. E.NE. EN. 


the True courſe from place to place NN WAW. variation 


i] point eaſt, What is the courſe by the compals ? 
Anſ. NW. 


th True courſe from place to place, WNW. variation 13 
Er; welt, What is the courle by the compaſs? 


the Anl. NWEW. 


True courſe from place to place, NNEZE. g7/ iN, va- 
nation 279. go eaſt. What is * courſe by the com- 


pals ? 
Anſ. N. 


True courſe from place to place, E. 39. 5 N. variation 
9. 21“ eaſt. What is the courſe by the compaſs ? 
IW. Anſ. E. 8. 26. N. 


True courſe ſrom place to place, SE by SZE. variation 
ion 1%. 25 welt. What is the courſe'by the compaſs? 


Anſ. SSEZE,. nearly. 


ON 1 


4 


— — — 


yy W. 


LEE-WAvux. 


tion : Cloſe hauled, all ſails ſet, and moderate cole; no 
lee - way. 

2 Blow freſh, ſmall ſails taken in; 1 point lee- way. 

3 Top-ſails cloſe teeſt; 2 points, 

4 One top-ſail handed; 23 points. 

5 Both top-ſails taken in; 33 points. th 

b Fore courſes handed; 4 points, 7 Trying 


The GENERAL AVERAGE for ALLOWANCE of 
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7+ Trying under a mainfail; 5 points. 
8 Main and fore courſes taken in; 6 points. 
9 Trying a hull with all fails handed; 7 points. 

10 When lying too, under a mainſail, mizen, &c. her 
coming up and falling off ſhould be well obſerved; 
then the courſe to be correfted, muſt be between the 
2 points ſo coming up and falling off. 


/ 


CooL ERY 


Hence, and by the variation of the compaſs, a ſhip's true 
courſe may be found; yet as many accidents attend a [hip's 
ſailing, ſuch as unknown currents, want of care at the helm 
to keep her Ready, the different rates of velocity between 
the time of heaving the log, ſudden ſqualls of wind, &c. 
&c. the latitude by account will frequently differ fro: 


that attained by oblervation; and when this happens, 
great care mult be taken to corrett the ſhip's reckoning 


after the following manner, for by it the artifl may al 
ways correct, whenever the latnude by account differ 


from that obtained by obſervation, whence the true place 
of a {hip may at any time be found, and every artiſt 


ſhould be very careſul, and ſpare no pains in perſormin 
it in the moſt accurate manner poſhble, ſince not. onh 
credit, but alſo the lives and ſafties of all on board de 
pend thereon. 


* In taking your departure from any land, the back 


bearing (that is the point oppoſite to the bearing) an 


diſtance you judge yourſelf from it, muſt be conſidered 2 
a courſe and diſtance, and corretted as ſuch, allowing the 


variation upon it; likewiſe the ſetting of currents, ſwell: 


x %* 
* 


c. &c 
them, 
above. 
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&c. &c. and the diſtance you lppoſe yourſelf driven by 
them, muſt be conſidered as a courſe and corrected as 
above. . 


N. B. The following rules for corre ing the dead 
reckoning by an obſervation, I ſhall work by inſpection 
ſrom the difference of Jatitude and departure table; as by 
it, will be ſuffictent to ſhew the learner the uſe of this ta- 
ble in working any queſtion in plane, traverſe, middle 
latitude, or Mercator's failings, which method (for the 
ike of expedition) is chiefly uſed at fea, in working a 
day's work, or keeping a ſhip's reckoning ; however I 
jecommend to every ariilt to work it mathematically, and 
by a conſtant practice of it, he will find no great deal of 
difference reſpecting the ex pedition ; ; whereby by workin 
it mathematically, he may be aſſured of exattneſs _ 
truth, but by inſpeRtion i it is impoſſible to do it with ſo 
much certainty. 


Rules for CoxatcrtiNnNG the DRA REckoninG 
by an OssEtRvaTtion by IN SECTION. 


E A 8 E. Iſt. 


When the courſe by dead reckoning (or by account) i is 
near the meridian, that is, leſs than g points or 33. the 
error is then ſuppoſed to ariſe ſrom the diſtance, becauſe 
a ſmall error in the courſe will cauſe but very little dif- 
lerence in the latitude. 


RULE. 


— — —— AD woo — AS es oo 
— —— —3;— — . - 
— — — 0 
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R U EL E. 


With the courſe ſound by dead reckoning, and the 
meridian difference of latitude by oblervation, find the 
difference of longitude, 


F777 TY 3 


Yeſterday at noon, by obſervation, we were in latitude 
499. 41! north, and this noon in 489. 21/7 north, when our 
dead reckoning gave g1 miles of ſouthing, and 42 miles 
of weſting: Required the true difference of longitude ? 


Look into the table of difference of latitude and depar- 
ture, for 91 lat. and 42 dep. the neareſt to this (at the top) 
is 25 degrees, which is equal to the courſe, then with the 
meridian difference of latitude between the obſervations, 
which is 122 lat. and the courſe 25 degrees, you have for 
dep. (equalling your difference of longitude) z7 7.1 your 
true Siena of longitude. 


C A 8 E. IId. 


When the courſe by dead reckoning is more than 3 
points, or gg degrees, and leſs than 5 points, or 569, the 
error may then ariſe partly in the diſtance, and partly in 
the courſe, to correct for this, obſerve as follows: 


R. L E. 


| Find the courſe and diſtance by account, then with the 
difference of latitude by obſervation, and diſtance by ac- 
count, find a new departure, which add to the departure 
found 


found | 
the tru 
ſerence 
then w 
tude bt 
gitude, 
require 


Yeſt 
tude 48 
having 
weſtine 
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found by dead reckoning, the half ſum thereof will give 
tte the true departure; again, with the true departure and dif- 
the {erence of latitude by obſervation, find the true courle ; 
then with the true courſe and meridian difference of lati- 
tude between the obſervations find the difference of lon- 
gitude, which will be the true difference of longitude as 
required, | 


tude 
, wo . 
Niles ; 


ade? 
Yeſterday at noon, by obſervation, we were in lati- 


tude 48%.21/north, and this noon in latitude 479.10/ north, 


par- h 
top) having by account made 60 miles of ſouthing, and 54 of 
the veſting : Required the true difference of longitude ? 
ions, 


e for 
your 


Look into the table of difference of latitude and depar- 
ture, for 60 latitude and 54 dep. over which you will find 
42 degrees equal to the courſe, and in the diſtance column 
$81 equalling the diſtance; again with the diſtance 81 and 
difference of latitude (between the two obſervations) 
equalling 7 1, againſt this in the dep. column is g9.3, which 
being added to 54 (the dep. by dead reckoning) 1s gm 
093.3 the half of which is 46.6 the true departure; then 
with the true departure 46.6, and the difference of lati- 
tude by obſervation 71, the true courſe is gg degrees, and 
liſt. 85 ; with this courſe gg degrees, and the merid. diff- 
of latitude between the two oblervations, which 1s 106, I 
ind the departure is 68.6 equal to the true difference of 
longitude as required, 


an 3 
the 


ly in 


1 the 
y ac- 
rture X CASE 


ound 
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C A 8 E IIId. 


When the courſe by dead reckoning is near the paral. 
lel of eaſt and weſt, that is, more than 5 points, or 56 de. 
grees, the error muſt then in general reſult from the 
courſe ; becauſe an error in the diſtance muſt be very large 
to make any conſiderable difference in the latitude. 


R U E 
Find the diſtance by dead reckoning, then with the dif. 


tance and difference of latitude by obſervation, find a 
courſe, with this courſe and the meridian difference of 
latitude between the two obſervations, find the true dil 
terence of longitude. 


FX AM PLA 


Yeſterday at noon, by obſervation, we were in latitude 
479. 10/ north, to-day at noon by obſer vation we find our. 
ſelves in latitude 45? z&/N,when by account we have mad: 
but 58 miles of ſouthing, and 120 of weſting: Required 
the true diff. of longitude. 


With the diff. of latitude 38, and dep. 120, I find in the 
table the diſtance to be 133 nearly, then with 133 the dit. 
and 72 lat. (by obſervation) the true courſe is 57 degrees; 

again with this courfe 57®, and the merid. difference of 

latitude between the two obſervations, which is 104 lat 
againſt this I find in the dep. column 160. 2, which is thi 
true diff, of longitude required. 


Te 
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aral. 
) de-. 
the 
large 


To CORRECT for SEVERAL DAYS. 


R U L K. 


Take the whole of the northings, ſouthings, eaſtings, 


and weſtings ſince your laſt obſervation, as alſo ſor the 
day you correct on, and bring them into a traverſe table. 
which will give you the whole difference of latitude and 


e diſ. N my 
7 departure ſince your laſt obſervation; with this difference 
ce off of latitude and departure, find a courſe, and obſerve which 


e di- 


of the preceding caſes it falls under, then corrett by that 
cale as directed. | 


titude 
1 our- 
mad 
Juired 


in the 
e dill 
Trees; 
ICE OL 
54 lat 


is the 


Te X 2 


long. the ſhip is in, alſo the bearings and dift. of Uſhant? 
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EXERCISING EXAMPLES of DAYS WORKS: 


1 d long, 

day noon we were in lat. 489.20'N. an 9 
95.9 W. cad we have failed till this day noon as per log. 
Required the courſe and diſt. made good, with the lat. and 


N. B. H. ſtands for Hour, K. for knot or mile, and F. 
for Fathom. — 7 Fathoms make 1 Knot. 


The LOG BOARD. 


 T_ 


II. K. F.] Courſes. Winde. ca Remarks, &c. 
10 3 I NW. NNE. = 

2 3 4 
131 3| 4 | 

4 3 11 

5141 © 

6! 4|— 
| 7] 4— | | | 
181 46 

9 462 ——— : 

10 442 | 

11} 4 2 

12] 5| — 

1 5|— | 

1] ip, | | | 

3] 4 6INWbyW. Nby E. 1 

4 4] 4 

5] 4]|- | | 

| 6] 4|— 

7\ 4] 2 

81 44 2 

91 4] 2 

he ö : | Variation 11 Point W. 
i121 41 4 — 


To find 


Ship's 1 
Uſhants 


PD 


As MD. 
» radit 
* di. lc 
t. bea 


Anſ. 
in 48? of 
Uſtance 


t W. 
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Courles corrected. | Points, | Dilt. | Northing, [Southing.|Ealting. Welling. 1 
WbyN. 7 316.0 . 
WNWIW. 64 28 8.1——— 26.8 
(WbyN2W. 72 144 |__4:3 — — 14-0 
| 28-4 | | 201.0 
As diff. lat, =18',4 = As ſ. cou, = 799.41! = 
„ radius 2900 2 depart. =101 = 
|; depart. en“, = : ; radius = 90? = 
t. courſe 79. 41 |- Mt. 2.20877. 
Merid. Parts. 
Yeſterday'sla.48”20/N=3322[As rad. =od” = 
To-day's d. la.oo .18 N= . MD. lat. 227 = 
To-day'sla. in 48.38 N=3349|/ * t. cour. =79941'= 
Mö. lat. 27 diff. Ion. 2148.3 = 
2. 28 W. 


Yeſterday's long. 


89. go Weſt 


This day's diff. long. 2. 28 Weſt 


This day's long. 


in 10.88 Weſt 


To find the BEARIN G and Dis rANcE of Uſhant, it is thus: 


Merid. Parts. 

Ship's lat. in 489.38 Ng gg 349 
Uſhants lat. 48 . 30 N=3337 
PD. lat. oo OSD. la. 12 


As MD. la. 2127 
radius 9 
;: di. lon. 23330 


„t. bear. 


hy diſt, 


og 


Anſ. Courſe N. 799.41“ W. 


Ship's long. in 10. 38! Weſt 
Uſhaut's long. 5. 06 Weſt 


5 +53 
60 


Diff. lon. miles 353 

As radius 
0 PD. lat. 
: : ſec, bear. =8820g' 
222356012 


diſtance 102. miles, latitude 


in 489.98/ N. longitude 109.58' W. Uſhant S. 889.03“ E. 


diſtance 235.1 miles 


X 3 


We 


\ 


- 


\ 
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the bearing and diſtance of Cape Good Hope. 


— 


We were yeſterday noon in lat. 209. 300 S. and long. 
59.29! E. and have failed 'till this day noon, as per log. 
in a current ſetting S. 14 mile per hour: Required the 
courſe and diſtance made good, alſo the ſhip's place, with 


2 30000020 & & & & & & 0 oO»  oÞ Þ ws bs 


7 


— 


— — 


Eee won F.out: 5 


rr 


. | Courſes. 


SbyE. 


SSE. 


Eby S. 


Eaſt. 


Winds Lee- 


WAY. 


Remarks, &c. 


— 


»„,ẽ᷑ ́ kf2Vũ4 


1 


ö 


* 


Variation 1 Point 


W. 


230.04 
diſtanc 
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[Courſes corrected. Points. | Dit. Nor thing. |[Southing. | Eaſting. Welling, 
6 _ - | 4 11431 — 30.4 6. o _ - 
SSE!E, | 24|48 |-—— 43.4 | 20.5 
SSEZE., ©; 245 |-—— | 45.0 | 24.0 
SbyE. 1 [36 —— 33.3 7.0 
| | [_154-1yq, 57:5 | 
As diff, lat. =154/.1= As ſ. cou. =20?,28'= 


Tags =2g0%, =  -  f- ow ogg. yg _ 
:: depart, =57/.5 = 2 radius 2900. 2 
90 t. COU, 22209287 TW diſt, 21644 — 


. M. parts. 
Veſterday's lat. 200. g0 / S. 1257 As radius 9 = 
This day's d. lat. 2 . 34 8. „ d. lat. 221660 = 
Ship's lat. in 23 .04/S.1423 23 K. courſe = 20928 Fo 
m. d. Tat. 366] · diff. long, =61.96 = 
\ — 

Veſtefday's longitude 530.20 eaſt. 
This day's diff. long. 1.02 eaſt, 


Ship's long. in 6.22 Eaſt, 


To find the bearing and diſtance of Cape Good Hope, 
it is thus: | M. parts. 

Ship's lat. in 239.04“ S. 1423 [Ship'slong. in 69. 22“ eaſt. 

The cape's lat.g4 .29 S. 2207|Cape's long, 18 .23 calt, 


Diff. lat, 11.25 8. | Diff, long. 12 01 eaſt, 
60 m. d. lat. 784 60 
P. d. lat, 688 | 721 
As m. d. lat.=784/ = As radius 2900. 
„ radius 290. = . ie. 
: diff. long. 27212 = ec. bear. 42036 


t. bear. 2420367 i diſtance=9g0/.6 W 


Anſ. Courſe S. 200.28 E. diſtance 164. 4 miles, latitude in 
230. og / S. longitude 6.22“ E. Cape Good Hope, S. 42036 E. 
diſtance 930.6, 


Being yeſterday at noon in lat. 469.30 N. and long. 
109. 200 weſt, at 8 PM. the ſun was obſerved to ſet weſt 
53-10'N. declination 229. go'N. and we have lailed ll 
this day noon, as per log, the tide having all the time ſet 


SSE. 2'4 


( 


per hour : 


224) 


diſtance of Cape Finiſterre. 


Required the courſe and diſtance 
made good, alſo the ſhip's place, with the bearing and 
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Courſes. 


SWby WZ W. 


| : SWbys. 


SSWIW. 


Remarks, &c. 


The 


| 


ſan ſet W. 


39. 100 to the 
Northward. 


Varistion per am- 


plitude 14 point 
: "SPURS 


— 


I 
$2) 
I" 

SE 


— — — 


Lat. al 
diff. Ia 


allowi 
lat. in 


co. lat 


As diff 
„ 
: dep 


N 


Yeſter 
diff, la 


ſhip's | 


the 
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Courſes — Ditt. | Narthing. Southing. Eaſting.| Weſting [ 
| SW, 4 | 49 | 34.6 |-—-—| 34.b 
SZ W. 1 36.6 —— 54] _ 
Sz E. 1139 —— 39-0 19 —— 
SEKbysz E. | 34 | 66 [——— 48.9 | 44-3 r. 
| 159.1 | 46.2 40.0 
PF OY on 
6.2 
Lat. at noon 469. 30 N. As ſ. co. lat. 449.212 
diff. lat. at 8 pu. 8. | radius... 290 = 
allowing for cur. $.? 51 D |: :f. O dec. =22 .30 = 
lat. in at 8 rx. 45 .39 N. . . 1. t. amp. =g3 12 = 
2 mag. amp. 533 10 
co. lat. at 8 ru. 44 +21 variation 19258 W. 
As diff. lat. 130/. 1 As ſ. courl, 29,14%= 
e . depart, S 06. 2 = 
2 depart \= &.s 2 : radius = 90 — 
t. courſe=2%14'= . diſt, = 159'.1 = 
Yeſterd. lat. 469.30/N=3159:As rad. a —- 
diff. lat. 2 439 8.2 |-- m. d. lat. =226/. = 
ſhip's lat. in 49 51 a an Nee 29330 : t. courſe S2. 14 2 
1 diff. long. 8.814 = 


226 
— *- 


Yeſterday's long. 100. 200 W. 


Difference long. 
Ship's long. in 


o O E. 
o. 11 W. 


To find the Bearing and Diſtance of Cape Fix Is TERRE. 


dhip's lat. in 439. 51/N=2933 
Cape Fin. lat.q2 .52 N=2852 


p. d. lat. oo .59m.d.lat 81 


M. 


As m. d. lat, =81' 
290. 


„radius 


diff. long. 


„ t. bear. 
Anſ. Cour 


ſe 829. 


=54 
=33* 


417 


parts. 


Ship's long. in 109. 11 W. 

Cape's long, = = 9 W. 
0 '-54 

As radius 2900 = 

. p- d. lat. 2500 = 

: tec; dear. 299.472 

|. diſtance 770.9 = 


14/E. diſt, 159 miles, lat. in 43.51 N. lon. 
109,11/ W. Cape Finiſterre 8. 339. 41/E. diſt. 70.9 miles, 


1 ([ 226. 


We were yeſterday noon, in latitude 429.30 N. and 
fongitude 119.30 weſt, and this morning at 6 AM. we 
obſer ved the ſun's altitude to be 149.300, when his decli- 
nation was 15%. 200 north, he then beariflg E. 99 0“8. 
and we have failed till this day noon, as per log, in a ſwel] 
from the SW. for which we allow 12' for the 24 hours; 
Required the courſe and diftance made good, allo the 
ſhip's place, with the bearing and diſtance of Oporto, 


— 


II. K. F. Courſes. Winds . Remarks, &c. 
11 5| 5] EbyN. SSE. 4 

= 31. 4 

3] 5] © 

4j 5j © 

5] 0 — 

1 

7160 4 b 

8] 6 4] "Eaſt, — 1 | 
9] of 3 
10 61 4 | 

11 6 4 

1] 7|— | : 

21 7 1 

3] 7] 8 

4 7| 2 

5: 6] 4 hy | 
6] 6|— ————| The ſun's alt. 149.30 
7| 5) 4| EIN. |SSEIJE.j; 4 | dec. 159.207 N. 
8] 5| 2 | | 

* | 
, ) han 


pw We 
=. © © 


— 
tS 
— — 


per azimuth. 


| Variation 1Spoint W 


1] 


on ©1 


Co. alt 


S, co. | 
8. CO. 7 
d, 4 ſur 
d, rem, 


| 
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Courles corrected. Points. Diſt. Northing. Southing] Eaſting.] Weſting. 
NEbyk. 5 | 41 | 22.8 | "FR — 
ENE. 6 | 26 10. 24.0 |p—— 
ZNEAE. 64 48 | 13.9 45.9 [|—— 
NEbyEZE. 5431 | 14.6 27.33 —— 
| 7.9 130.0 
Lat. at noon 429. 300 N. 
Diff. lat. at 6 Ax. al. W-. 
lowing for the ſwell F % 54 N. 
Lat. in at 6 Au. 43.24 NM. 
go 
Co. latitude 46 .30 
Co. altitude coco 75 30 
Sun's diſtance 74 40 
2)196 .46 ſum 
* 98.23 4 ſum 
74 .40 ſun's diſt, 
23 .43 remainder 


14 300 alt. 
Co. alt. 75 . 30 


15 . 20 / dec, 


— — — — 


5. co. lat. =469.36/=9.86128 its ar. co. o. 13872 
d, co. alt. =75 30 =9.98594 ditto . oi 406 
% ̃ ⁰ —— — =9499533 

— % ¶—0o« Ü 
2)19-75257 
co. fine 419.14' =9.87028 

2 
True az. N. 82. 28 E. 
go 


True az. F 7 .32 N. 
Mag. az. E. 9. 20 8. 


Variation 16.32 W. 


— — ͥ 


74 40 © diſt. from the pole. 


* 
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As diff. lat, =71/.9= As ſ. courſe=629.18' = 
„ „ „depart. 2197 = 
ü gepart ' Sig9) = 28 alive 2 


, t. cou. 2689.1 diſtance 1847 


Merid. Parts. 
Yeſterd, lat. 429. 300 NS π 822 As radius 
Diff. lat. 1 .12 .. MD. lat. =99/ 
: t. courſe 


Ship's lat. in 43.42 N. 22921 


— — — 


MD. lat. 99 — 
39.08 / 
Yeſterday's long. 110. 300 W. 
Difference long. 3.08 E. 
Ship's long. in 8. 22 W. 


To find the Bearing and Diſtance of Oroxro, it is thus: 
. Merid. Parts. 

Ship's lat. in 4399.42/N=2921|Ship's long, in = 89.22/W, 

= 8.27 W. 


Oporto's lat. 41 .10 N=2715|Oporto's long. 


2 .32 Mp.la.206 
60 


D. long. o. 5 W. 


P. D. lat. 152 | 


As radius = qgo® 
„D. lat. = 136 
: : ſec. bear, 10.24 


As M. diff. lat. =206/ = 
radius 229092 
3 ; Kk. ng. 88 = 


„ t. bearing 210.324 2 * diſtance 132.12 


Anſ. Courſe N. 62.18“ E. diſt. 154.7 miles, latitude 1 
43.42 N. longitude 8. 22 W. Oporto S. 19.24 W. dil 


tance 132.1 miles. 
A4 LOG 


DO 


Th 
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| SHIP: VOYAGE, 
FROM THE 


DOWNS ro GIBRALTAR, 
| W. - In bis Majzsrv's Ship 
" | The CUMBERLAND: 


JOHN DILIGEN TT, Masrzx; 
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Lee, 


* 


— 


hs — wi 
BO ON Gmbtc&GC rm KH = CO OW © > W HD = 


[ 
. | Courſes. 


— 


* 


Weſt. 


Winds. 


— — — — cn | 


Way. 


Lee- Remarks, &c. Tucſday 


15th Auguſt, 1786. 


North. ——|Weighed and failed. 


Beachy-head north a- 


Fine and moderate 
weather, 


Hove ſhort. | 


Unbent the cables and 
{towed the anchor. 


Do. weather. 


bout 8 miles. 


Freſh gales &-ſqually. 
Bembridge Point NW 


10 


by W. 4 leagues. 


The 


8 


— 


Seesen 


and 


( m1 ) 


— — 


| 


The LOG BOARD. te 


—E7 
ti 
Y 


as obs | 


V 


— 


Courles. 


WbyN. 
WI. 


Winds 


| North. 


— 


„ „% 


Sees o 


Or On & 


Remarks, &c. Wed. 


| land NW, 


16th Aug. 1786. 


Freſh gales and fair. 


The Bill of Port- 


Do. weather, 


| | 


The Start WNW4 
W. 5 or 6 leagues:| 


Lizard NW. 


1 
: ö 


— 


— — 
— 


. PD ——— ——— oy wv —— ö—üWð — . — — 


- — — — — —— — —_— . . ! ²˙ů qa ⅛˙ . ůQ'm̃ —ů᷑k. ooo _ = — 
_ . —_ CC q k! — , IO Ie Oo - 


— — 
— — — — 


t 


— — 2 —UhB —— — * 
« 
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| The LOG BOARD. — 
Py [xr . Lee- Remarks, &c. I hurl. 
Hl. * F.] Courſes. 1 way.| 17th Auguſt, 1786. | 
1| : 4|W SW. | North.] 4 |Briſk winds and cloudy 
2 4 
3 6| 2[SWbyW NNW. 
4 6 — 6 *, 
| 5] 5% © SW. | NW. Moderate and fair, at 4 
6] 51 4 the Liz. bore NEbyN4 
\ 7] 4] 4 E. diſt. 5 leagues, tow 
81 4/— which we took our de- 
9] 31 5 — 1 parture. 
10] 3 2 
11] 3 6 
12] 4| 2 —|——|jDo. weather, ſpoke the 
| 2] 5|—| Brig Kingſton, bound 
2] 5| 2|— — z | to Oporto, J. Whee- 
gf 5[— bs ler, Maſter, 
4] 5] 4 
5] ©] 
6 6] 4 
7| 6| 6 o |Briſk winds & cloudy. 
8] 7|— | 
n 
10 7 — Variation 2 points 
111 714 Weſt. 
12] 71 4 Rs 
it. in| Din. at. in[ bat. in] Long. Mer. ] Bearings and 
ourſe, _ Lat 2 — ob. oo Diſt. | Diſt, . 4—— 
6.4 | Re oe; + eo . Uſha. 560197 
99555 1 38.7[47.588 47-58 8. 144% 38.7 Dift. 35.90 mile, 


N. B. The Lizird's back bearing from which we took our departure, 
being equal to the firſt courſe, after allowing the variation upon it, the 
diſtance is therefore added to the diſtance ſailed on the firſt courſe, which 


equal 35 miles, viz. 20“ and 5 leagues. 


( 233 ) 
TRAVERSE TABLE. 


Courſes cor: etted. Points.] Diſt. Northing. Southing. |Ealting. Weilmng] | 
Sby WAW. 15 1.gþ |—— 33. 10. 2 
Sby W. 120 7 9 
w. 4 — 4 | os 
S222 16.5 


As ſ. co. 21,662 0,51197 
ba On = 1,58771 
i. 


: 2 radi, 2900. 20, 


As d. lat. =119.6= 7,92227 
radius =9g0®, =10,00000 
:: depart. =g8.7 = 1,58771 
„e. =17%gs'= 950998] -- diſt. =125'.8 = 2,09968 


Yeſt, lat. =499.58/N.=g471|Radius =90% =20,00000 

to day's d. = 2 .00 S. I.. m. d. lat.=182 =2,26007 

Ship's la. in 47 N 58 N. ge 890: t. courſe =17.55=9,50902 
M. D. lat. 12 diff. long. 258.8 =, 209g 

— 

Yeſterday's longitude 539. 13 W. 

This day's diff. long. 0.59 W. 

, -Ship's long, in b .14 W, 


To find the bearing and diſtance of Us AN, it is thus: 
Ship's lat. 472.58'N.=3289|Ship's long. 69.14“ W. 
Uſhant's lat. 48 29 ea long. 5. 5 W. 
P. D. lat. 00 gu. p. 46 i + 9 


Diff. long. 69 miles 


As m. d. lat. 46 = 8,33724|As radius 29e = 0,00000 
radius - =909 =10,00000| -- p. d. lat. g1 = 1.49136 
:: diff. long. 269 = 1.83885]: ſe. bear. =56.19=10.25602 
„t. bear. e . diſtance=55.90= 1,74738 


Y 3 The 


— 


* 
* — Fad 


The 1 = G BOAR D. 
| p Lee-|Remarks, &c. Friday 
F F. Courſes| Winds. [way. | 18th Aug. 178, 
10 7 61 SW, NW. 7. Briſk winds and clear 
3 7 
411714 
21714 
| ©] 7] 4|———[NWbyW 1 
71 71 4 
81 7| 2 | 
N 7] £ 
10] 7 2 
11 7 3 | 
12] 7] 2|——— o. and cloudy, 
1] 7|— | 
21 7|— 
31 6f 4 | | 
4| 6] 6 | 
9 6 6] ur ö | 
6 6, 41 WNW | | 
7] 6] 4þ———} 1 
8 © —_— | | 
9] 67 2} 
10] 6|—|——— Moderate and cloudy. 
11} 5| 4 | | 
12] 5[— 1 = | Variation 2 points W. 
ouſ 85 * Dep fee rtr Lone: | + 4 
0 / Ser We "Ip: 7-25 37.4 C. Ortegal S. 6.12 
12W.[166.6 [159.3] 48-71 45-199 J. W. W.1JW .dilt. 92.54 . 


= 4 


T R A- 
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T:RAVYVERSE  IARBLE, 


Courtes . Diſt. | Northing, Southing.] Eaſting. Welling: 


SSW. 1 39 36.0 14-9 
1 bo kh | 1T [93 83.0 27.0 | 
e e 6.8 

| 159-3] . 48.7 


As d. lat.=1 59.3 = 779778 As ſ. co. =1 70 = 0,53407 
radius 9 ==10,00000] +» depart. 48.7 = 1,68753 
:: dep. =48.7 = 1,68753|: : radius =g0? =10,00000 
t. co. 2170 = 9, 48331] diſt. 166.6 = 2, 22160 


— — 


Yeſterd. lat. 470. 58 N. 232890 As rad. % m=0,00000 
To-day's d. la. 2 . 9 S. MD. la. 2232 22, 36849 


Ship's lat. in 45 . 19 N=gog7|* * © cou. =17% =9-48534 
\ "M.D. lat. 232 d. lon. 570.94 =u,8508g 


Yeſterday's long. 62.14' Weſt 
This day's diff. long. 1.11 Weſt 


Ship's long. in 7 .25 Weſt 


To find the Bzazixc and Dis rav of Cape Ortegal, 


Ship's lat. 452.19/N=9g057|Ship's long. 79%.25' Weſt, 
Cape's lat. 43 .47 N=2928|Cape's long, 7 .39 Weſt: 
PD. lat. 1 g2MD.la.129| Diff. lon. 0.14 Weſt, 


As u. p. la. 2129 = 7,8894 1[As radius 290 = 0,00000 + 
„radius =909 =10,00000| -» PD. la. 29 = 1, 96379 
:: di. Ion. 214 = 1, 14611: ſe, bear. =. 12 10, 0253 


„t. bear. 60.12 = 95og 554] diſt. 92.54 = 1.966g4 


The 
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The LOG BOAR D. 
5 Tee- Remarks, &c. Satur. 

* F.] Courſes. Winds way. | 19th Auguſt, 1786. | 775 
115 41] WSW. | NW. Moderate, and clear. 1 * 
2] 51 2 | | 
3] ©] 2 
4 51— N N 
51 4 6] Weſt. NNW. iT | As di 

6 4] 6f = Tac 
71 4 al : ; de 
8 4 6 . „ t. 
91 4] 4 
10] 4 2 Yeſte; 
111 4] 2 | this d; 
12] 4] 6 ———|—— Do. weather. ſhip's 
11 4] 60 
21 41 © North. | 1 
3] 5— | 
44 5| | 
56 51 2 

6 5— 

5 - il : To 

4 

9 5 4 —— People employed ſet.] I Ship's 
40 1 — — 2 |ting up the rigging, ſtr. Cape“: 

[11 61 6 | breezes and cloudy. | we 
12417 — 1 Variation 14 Point W. x 

$f e mms | —— — sm. 
e: für Diner Her rl Z. T | rad 
F 5.501971 C Hu. ar66. 9% diff 
$57.8w[123.5| 67 [103.7[44-12N[44.12Ni W. | W. | d. 83.47 miles. | n 

T R A- 


Io find the Bearing and Diſtance of Cape FINISsTER. 


(237 
TRAVERSE TABLE. 


{Courſes corretted. 


| \Points. | Diſt. | Northing.Pouthing Falling. Wins 
SWbySIW, — 


gt 21 ** 16.2 |-—-—| 13.3 
SWbyW. 6 29.9 |—-—-! 34.9 
SWbyWEW.}! 5442 ä 19.8 j—— 87-0 
| WSW. | 6 | 20 |—-——| 7:7 MEGEZ 18.3 


ET 67.0 | | 203-7 
As diff. lat.=67/ = 8.17393|As ſ. courſ. 570.8 =0,07575 
„radius =90? =10,00000]., depart. 103.7 =2,01578 
; depart, =10g/7= 2,01578| : radius 90 ==10,00000 
t. co. 57.8 0, 189710. diſt. - 123.5 22, 09153 


Veſterd. lat. 45% 19/N=3057 oy rad. go = 0,00000 
this day's d.l. 1 . 7 8.= m. d. I. =04 = 2,97343 
ſhip's lat. in 44 .12 . 100 cou. 2579.8 , 18970 

M. D. lat. d. long. =145-5= 2, 1628 


— — — — — — 


Yeſterday's ry 0 =79.25/ W. 
This day's diff. lon, =2 -25 W. 


Ship's long. in 9 .zo W. 


Ship's lat. 44%.12/N.=2969 
Cape's lat. 42 .52 N.=2852 


p- d. lat. 1 .2om.d.lat 111 


Ship's long. 90. 30 W. 
Cape's long. 9 . 17 W. 


As m. d. lat. =111= 7, 95468 As radius =>909 = 0,00000 


„ radius . d. lat, = Bf = 1,90g09 
: diff. long. =33 = 1,181: : ſe. bear. 160. 34/ =10,01841 


„ t. bear, 169%.94'= 94739 5 Ai. 283.47 = 1,9210 


The 


>. CPL 
— — 


— 
— 
— 


— — — — — — 
r — · .. ]˙ V ß ² . = ⁰ ůum-m oo mm 
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be I. OG BOARD. 


— 
R 


- Courſes. 


—__— 


> > 9 © e wm © © CON OO won »- 


— 


_— — — 


| 25 oc oh as eo eb 0 0h ay | 
„ wo | | t© | + & & | 


— 


r 


E WSW. 


apSEbySofl 


ESE drift 1 
mile per h. 


Winds. 


NW. 


SW. 


Remarks, &c. Sun. 


day, 20 Aug. 1786. 


28 g gales & rai 


| 


Do. weather, and 
cloudy. 


Do, weather, with 
rain, thunder, and 
lightning ; lay too 
under reef mainſai] 
upon the larboard 


tack. 


Strong gales and| 
cloudy ; lay too un- 
der reef mainſail up- 
on the ſtarboard tac. 


Freſh gales & clou. 
dy; ſet more fail. 


Diſt. 


SW. Pn Do. weather & fair 
Variation 14 W. 

Vitf.] Dep.] Lat. in [Lat. in] Lon. | Meri. Bearing and dilt. 

Lat |*P*]per. ac.|per. ob.] in | Diſt. | at Noon. 

0 0 255.5|C. St. Vin. 815“, 

56 [64.2 [43.02N]43.16Nj11.20] W. 43 F. di. 388.6 m. 


- 


\ 


TRA 


(6239) 
TRAVERSE T. AB L E. 


Cour ſes corrected. Points Diſt. | Northing|Southi 78 Eaſting. |Weſting. 
| SW. 4 | 89 | 62.9 62.9 
NNE. 2 10.5 9.7 ee e 
NEbyE. 81 2.5 
| SEW, | 4 19 . — 9 
11.4 81.8 6.5 | 064.8 
11.4 6.8 
| 79-4 58-3 | 


As diff. lat.=70.4 = 8,15243|Asf. cou. 39. 38 = 0,19427 
radius =9g02 =10,00000| ., dep. 258. 3 = 1,76567 
: depart 58.3 = 1,7667: : radius=go? =10,00000 
t. cou, =g99.38/ =9,91810] .. diſtance =91/,4= 1,96099 


| Merid. Parts. 
Yeſterd. lat. 44%.12/ N=296gjAs radius =g0? =0,00000 
This day'sd.1. 1 .10 S= „ MD. I. 297 29099977 
This d's I. in 43. 0 N. 28661: : t. cou. 39.38 29, 91816 
- MD. lat. 97 . diff. lon, =80.34=1,90493 
N. B. The lat. by acc. and that of obſ. not agreeing, I 
correct this day's work by caſe 2d, page 276which I find 
as follows, viz. true courſe S. 49% 0 W. diſt, 85 miles, and 
true diff, Jong. 89.8 miles 
Yeſterday's long. 90. 30 W. 
This day's diff. long. 1. 30 W. 


Ship's long. in 11 . 20 W. 
To find the Bearing and Diſtance of Cape St. Vincent. 


Ship's lat. 430.160 N g288 [ Ship's long. = 119. 200 W. 
1 Sr 
C. St. Vin. I. 37. 02 N=299;z|Cape's long. = 9 .o W. 


P. D. lat. 6. 14 M. la. 490 D. long. 2.18 W. 
60 60 
374 138 


As m. dift.lat,=490=7.30970 As radius =go? = 0,00000 
„radius =90"=10.00000|., PD. lat.=374 = 2,57287 
: diff. long.=1g8= 2.13988}: : ſec, bea. 150.44 =10,01655 


. t. bea,=159.43/= 9,44958] ., diſt, 


=388,6 = 2,58942 * 


— — 


a —— — oo CAR — r—  - 


8 
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818.56 0182.5 


172.1592 140.2484. 2 12.39 


. DDr 
H. K. F.] Courfes. Winds. 2 Remarks, &c. 
22 

10 7 SW. WNW] 1+ Theſe 24 hours, freſh 

2| 6 9 | gales and fine weather 

3 , 5 

4 — 

5| Of 5] | 

6! 5|— | 

4 2 | NWbyW| 1 

917 2 | 
10] 7] 4 
1] pj —_——| 2 
12] 8 2 
= 8| 2 | 

2| 8 3 | 

3] 3] 3 

41 8] 3 

9} 8 21 | 

6| 8] 2 | 

7) 8]— | 

8] 8 | ——|——-|— 

9 8|— People employed ſet- 
10] 8| 2 | ting up the rigging. 
11] 8.— | Variation 14 Point W. 
120 8| 2 3 = ARES 
= EEE EE 
| F 37 1e IC. St. Vi. 5400 

314.7 4 E. 4.262. 


T R A- 


To fin 
Ship's 


Cape's 


P] 


p. Dif 


As M. T 
„ rad 


: af. 


t. be 


R A- 
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TRAVERSE TABLE. 


Courles corredted. Points. Dill. | Northing. [Sourhing, Eaiting. Wein: 
SbyW. t 147 \ 46.1 9.2. 

Sby WEW. 1422 7 6.4 | 
SSW. | 2 [114 105.9 | 43-6 5 


172.5| | 59.2 | 


As d. lat.=172.5 = 7,76321|As ſ. co. 2180.56 2 o, 48884 
radius 9 =210,00000| -- depart, 259.2 = 1,77292 - 
: dep. =59.2 = 1,77232|: : radius =g02? =210,00000 
t. co. 18.56 9-53553| ** diſt, - 182.5 = 2,26115 


Yeſterd. lat. 430.16 N. 288A rad. ==90? S αoοοõjẽ&A 
To-day's d. la. 2 . 52 S8. . MD. la. 291 22,6361 


Ship's lat. in 40 . 24 Ng 654“ t. cou. 218 -56/=9:53533 
M.D. lat, 2310 2 d. lon. 2797.24 189894 


Yeſterday's long. 119.20! Weſt 
This day's diff. long. 1 .19 Weſt 


Ship's long. in 12 . 9 Weſt 


To find the Bearinc and DisrAN E of Cape St. Vincent. 


Ship's lat. 499. 2g N =2653|Ship's long. 12.30“ Weſt. 
Cape's lat. 97 . oo N=2395 Cape's long, 9.2 Weltz 
PD.lat. 3 21. up. la. 2 38 6,97 Weſt. 
P. Diff. .“. 201 | Dif, lon, 217 miles. 
1 — | 


As N. p. la. 236 = y,58838; As radius 90 = 0,00000 
radius =90? 210,00000| ++ PD. la. =201 = 2, gogao 
: a, DU; =217..= . boar. e 


+ t, bear. 40. 4 = 9.92484] ++ diſt, =262,0 = 2.96634 
: 7. | The 
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| | Is 
| The LOG BOARD. 
Rn i Lee-|Remarks, &c. Tueſday, == 
H. FIF. Courſes] Winds. way. | 22d Aug. 1786. A. 
1 8 6 SSW. WNW. 1. Strong gales and fair. 
28 6 | 825 
= | | 5— | | 2 
6 9 — 5 
21912 . | 
81 9} | 
| | 9 9 2 | 55 
| 10 9 1 | . v0 . 
11]. 9þ— | 1 
12 9 — Do. weather & cloudy. 
| 1] 9 2 
2, 9 —_——— WhbyN. 1 
3181 6]P——— | 
4] 8] 6 | 
51 8] 6 | 
> 9 4 | | s 
8, 6 oy + oy | | Cap 
9 71 4 — 2 |Freſh gales & cloudy. 
10 72 | | 
11711 |. | 
19] 7.— | | Variation 14points W. 
öff. injDifl. Tat. In Tat. in] Ton Me .| Bearings and | 
Courſe Mila Inn. A — a 3 . Did. Dif. at noa As! 
| NR i2.581329.3|C.St.V. N. 89.02 4 
1S4.7W. * 205.3 14.8 26:50 | "3.17 a E. diſt. N . 
* | | 2 = 


TRA- 


Ship's la. in 96 .59N.=2991| * 
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TRAVERSE TABLE. 


Courſes corretted, | Points. | Dit, No: thing. |Southing. Faſting. | Welling. 
SER 126 — |} 125.4 1243 
SW. 1 5¹ 50.9 2.5 

8. 0 29 29.0 | 4% d. o 
> | 205.3 | | 14-8 | 


As d. lat. 203. g 7,68656|Asf, co. 4%.7' = 1,144395 
radius o. =10,00000! .. ow 2140 2 2,9036 
; : depart. 14. 8= 1,17026]: : radi. 290. 0, oo 


.. t, co. = 4%.7' = F,8;682| . diſt, =206.2 = 2,91421 


Veſt. lat. 40.4 N,=2654| Radius ==90?, 220,00000 
to day's d. 3. 23 8 .. m. d. lat. =263 =22,41996 
: t. courſe 24.7 =8,857r7 


NI. P. lat, 263 diff. long. 18.992212 


Yeſterday's longitude 120.39 W. 
This day's diff. long. 0.19 W. 


— ——— — — 


Ship's long. ini2 . 58 W. 


To find the bearing and diſtance of Cape St. Vincent 


Ship's lat. g62.59'N.=2391|Ship's long. 129.58' W. 
Cape's lat. 37 o N. 22395 Cape's long, 9. 2 W. 


P. D. lat. gu. p. I. 4 | 3 5 


60 5 
Diff. long. 236 miles 


— 


I 


As m. d. 1.224 = 9739794 
radius 9090 =10,00000 
: : diff. Jong, 2236 = 2,97291 


As radius =902 => o, ooooo 
„p. d. lat. =g/ = 0.47712 
: : fe, bear. 89.02 =11,99206 


t. Lear, =89%,02=11,77085| -. diſtance=177.5= 2,24918 


The 
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LOG BOARD. 


= 


2 


. 


way. 


Remarks, &c. Wednel. 
22d Auguſt, 1786. 


1 


Frelh gales and hazy. 


F 


Freſh gales with rain, 


Freſh gales and cloud) 


5 


: 


Gave 122 1 dozen 
| for drunkenneſs. 
Do weather 
Variation 1 
Welt. 


Strong gales and fair, | 


point | 


Lat. in[Lat. in Long. | Mer. 


per. ac. per ob. 


1 l 


Bearings and 
in | Diſt. bid. at noon. 


W 


Gib. 880. io 


„ 

II. K. F. Courſes. | Winds. 
BE 
21716 

31 71 4 

4471 5 | 

2 712 

6] 7 3 Want 
71714 k 

81-7 4 

19] 7|— | 
10] 7] 4 | 
11] 7 

12 7| 2 3 
1 74] ESE. SSW. 
27 6 | 
13 8— N f 
. 8 a — 
51 8| 1 

6; 81 21 

7 81 2 

9 IN 
N 

10] 8 4 — —— 
11 8 6 

12 9 
e 
Rats eee 
bo: * 2212 E. 8 


E. 136.11 N 38. dong. a0 15.31 Diſt. 204.2 miles 


ir. 


zen 


A. 


t. bear, 889.,19/=11,53138 
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TRAVERSE .TABRLE 


| Courtes carrected. Points. | Diſt. fNorthing. |Southing. Eaſting.] Weſting. 
SEbyEZE. |. 54 | 8g | 38.1 | 80.5 | © 
EbySIE. | 71 roo | ; - 9:8 | 
| 47-9 [180.0 | 


As diff. lat. =47.9= 8.3188;|As ſ. courſ. 752.4/ =0,01492 
radius =90® =10,00000}.. depart. 188 2, 23527 


—ͤ— — 


: : depart. =i80 = 2, 28527: radius 902 ==10,00000 
. t. co. =75%.4/=10,57412}., diſt, 186.3 S2, 27019 


Veſterd. lat. 36. 59 N=239+t|As rad. SD = 0,00000 
To day's d. I. o . 48 S.= . m. d. I. =59/ 1,7708 
ſhip's lat. in 36 . 1 "N=2232 t. cou. 25.4 2210,57307 
nn d. long. 6s 


— M. D. lat. 59 


N. B. The lat by acc. and that by obſ. not agreeing, L 
correct this day's work by inſpection, caſe gd, page 122, 
which I find as follows, viz. the true courfe $.719.g0E. 
and true diff. long. 218 miles E. 

Yeſterday's lon, = 129.58/ W. 
This day's diff. lon. =g 38 E. 


Ship's long. in 9 .20 W. { 
To find the Bearing and Diſtance of Gibraltar, 


Ship's lat. 369. oo N.—=2918|Ship's long. 99.20! W. 
Gib. lat. g6 . 6 N. 22325 Gibraltar's long. 5 .22 W. 
p- d. lat. 6 m. d. la. 7 3 .58 W. 

| „ C 60 

| 238 


As m.d.la.=7 = 9,r15480|As radius —=qgo? = 0,00000 

radius 909 =10,00000| -. p. d. lat. = 0,7818 
: : di. Ion. 228 = 2,3768: : fe. bear. 88.19/11, 3201 
„ diſt, 204.2 = 2,1016 
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The I. 0G BOARD. | 
| — [Lee- Remarks, Tc. Thaif. | 
H. K. F. Courſes. Winds. way. 24th Auguſt, 1786. 
1 — — ——— el —  — 
11 9 = ESE. South. 1 Strong gales and fair, 
2 9 — | 
81 6 
| f 8| 6 
5 8] 6 . 
0 8} 6 
71814 —— — Strong gales and hazy 
8] 8 4 ö | 
[9 : 6 4 | 
10} U 1 
11] 80 : ——— ——|— Do. weather, with 
124 $f 2 | dryzling rain. 
1 81 3 | 
20 8 2 * 
3 8 2 | | 
4} 8/— 
5 8 — | 
6] 8]— 
7] 8] 2 —ů— — — (cleared up a little, ob- 
8 8-4 * ſerved C. Spartel bear- 
9 8.— | ing Sby F. g or 4 leagu- 
10] 8f— | | | 
11 8.— | 
12—(—— ʒN—— — Came to anchor in Gib- 
| iraltar Bay, in 5 fathoms 
_— between the New& Old 
| * [Mole, Old Mo. NNE. 
bi 1 new Mole SSE, | 
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INST RU C- 


Procee 
Rob 
Mai 


INSTRUCTIONS 


WRITE a JOURNAL, 


FROM THE 


LOG BOOK, or LOG BOARD. 


Firſt, mention is made of the Year, Month and Day of 
the Week in one Column; Day of the Month in 
auother Column; Wind's in another Column, &c. &c. 
as is ruled in all Journals, which are to be purchaſed- - 
at moſt Stationers: and for a clear demonſtration of 
Writing a Journal from a Sea Log, you will obſerve 
| the following, which is done from the Log of the 
preceding Voyage. 


0 
r= — 1 
u; Pb; 
: A 10UTNAT 
12 OF THE 
Proceedings of his Majeſty's Ship the CUMBERLAND, 


— Robert Wilſon, Eſq; Commander, kept by J. Piligent, 
Maſter, commencing the 15th of Aug, 1786. 
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r | 
month. pe Diſt, : ; Bearings and 
bear, & = Winds | Courſes. nils Lat. in|Lon. in| Diſtance at 
days. , | ; __ noon, 
At | & 2  Bembridg: 
1786. . | p- N wbyw, 
Tuef. 15 NbyE. | A 4 leagues, 
2 24 DING etd IE PHIL 
th . Ee 1zard 
Wedn. 6 115 | | | >; { Ws 
— ee eee 55 —— —— — — — —-—: — 
| North. Uſhant 
. 2 h NNW | | 0 
Th N. C 0 - 616 © / 7 N. 55 at os E. 
. n e miles. 
NW. O | O / | . Orte l. 
Friday th [aww S179, WI 167 45.19N.| 7 29 2 
NY. A d. 92.54 mi 
| . 8 C. Finiſterre 
Saturd. 1% NW. 505 S6 I 124144. 22 N.] 9.300 L x. 16.34% 
24 _— p N | | d, 82.23 m! 
. © 63 Hs St. Vinc 
Fund. al SW: |S49. W 85143 16N 180 0 3. 180.43“ 
. 5 WNW. | d. 388.6 m 
| WNW. n 
| 18 Ne 0 7 Ade 
Mond. 21 818 56 | 183040. 28 N. 12. 2.30 W s. 402.04't 
NN 3208 id, 263 mile 
WNW. | | Cz; St. VI 
| d iz Bf bdY 6s 11-43-0714 1 
Tueſd. bs bs S 4. 7 | 20636.59 N. ua. 5800 v. 899.02 
ata 500 | RR 177.5 mi 
d 5 0 : of | O / Gibraltar 
Wedn. 23 871.30 E.] 18636. oN. 9.2 oW|s. 882.19't 
fo SSW. f d. 204.2 mi 
| | | ; [Old Mole 
Thurf. wy ESE. | | uu, 5 
| | 1 | | | Mole SE 


r 


ant 
19 x, 
55.8) 


les. 


rtegal, 

20 w, 

54 mik 
11ſterre 
9.3475 
23 m 
+ Vinc 
2.43 * 
38.6 m 
t. Vinc 
9.04 l 
3 mile 
t. Vinc 
9.02 “f 
25 ml 
braltar 
82.19 
04.2 mi 
1 Mole 
SES 
le 5! 
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AN &c. 


Firſt and middle parts moderate and fair, latter freſh gales 
and ſqually; at g P.M. hove ſhort; at 5 weighed and failed; 
at 9 unbent the cables, and ſtowed the anchors at 7 A. M. 
Beachy-head North 7 miles. 


Freſh gales and fair at 6 P.M. the Bill of Portland NW. 
at 4 A. M. the Start WNWIZW. at 5 or 6 leagues; at noon 
the Lizard NW. 


Firſt and latter parts briſk winds and cloudy, middle mo- 
derate and fair; at 4 P.M. the Lizard bore NEby NA E. diſ- 
tance 5 leagues; at midnight ſpoke with the brig Kingſton, 
bound to Oporto, John Wheeler, Maſter. 


—— 


Firſt part freſh gales and clear, middle cloudy, latter 
moderate and cloudy, 58 


Firſt and middle parts moderate and clear, latter ſtrong 
breezes and cloudy; at 9 A. M. people employed in ſetting 
up the rigging. 

Firſt part ſtrong gales and fair, middle rain, thunder, and 
lightning, latter freſh gales and cloudy ; lay too from mid- 
night till ꝙ A.M. at 9 A.M. ſet more fail. 


Theſe 24 hours freſh gales and fine weather; at g A.M. 
people employed in ſetting up the rigging. 


Firſt part ſtrong gales and fair, middle and latter freſh 
gales and cloudy. 


Firit part freſh gales and hazy, middle cloudy, latter 
ſtrong gales and fair; at 8 A.M. puniſhed John Jones with 
one dozen laſhes for drunkenneſs. 


Firtt part ſtrong gales and fair, middle rain, latter fair; 
at 7 A. M. Cape Spartal Sby E. g or 4 leagues; at noon came 
to anchor in Gibraltar Bay in 5 fathoms. | 


62509 
LE END: 1X 


A Mruop of finding the Lartrobs by Douses 
ALTITUDES, Independant of Douwss New 
Tables. | | 


— — — - - 


V 


1ſt. Take the log. fecants of the latitude by account, 
and the ſun's declination, their ſum rejecting 10 from 
each index will be the log ratio. 


2d. To theſe logs add the log co. fine of the half ſum, 


and the log ſine of half the difference of the two alti-f 


tudes, and alſo the log co. ſecant of the degrees and 


minutes in che half elapſed time, the ſum rejecting 40 in 


the index will be the log ſine of an arc. 


31, Take the difference of this arc and the half elapfed 


ungle, and take out the complement arith. of its natura 


co. ſine with the logarithm of that number. 


4th. From this log. ſubtract the log. ratio, the dil 
ſerence will be the common log of a natural number, to 
which add the natural ſine of the greateſt altitude, the! 
ſum will be the natural fine of the meridian altitude. 


5th. The latitude 1s then found by the Rules for me 
ridian obſervations, EXAM 
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